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Whbn the manuscript oE this book waa finished it was s 
mitted to my old friend Sir William Ramsay for his opinion, 
when he was ao good as to espress his entire approval of it and 
Boggested later that as he had undertaken to write a book on 
somewhat similar lines (or " Harper's Library of Living 
Thought " we might collaborate if I was willing to do bo. To 
this I gladly agreed, but as the joint work proceeded it became 
evident that while there was much in common in our treatment 
of the subjects discussed, we approached them from eomewhat 
different points of view. This I pointed out and suggested that 
OS it did not seem ppsajple Without ooeofiHS entirely re-writing 
the whole of his part ottbe. jojat Tfork, to weld the two divi- 
sions into a harmonioas whole, -it might be simpler for each of 
us to return to the original pJau -a^d to proceed independently 
of each other — a proposition to which Sir William at once 



I mention this matter because inadvertently in his book for 
the Harper series, " Elements and Electrons,' the chapter on 
the Atomic Theory contains a page or two of my original 
manuscript on the same subject, and I have his permission for 
stating that this occurred through a pure accident on his part. 

Regarding the general plan of this book, I have very little to 
say, as its essence is embodied in the title. 

I may however mention that one of my chief ideas was to 
contrast certain ancient views, such as those of atoms and a 
primordial element or primordial elements in the shape of air, 
earth, &re and water, together with the possibility of trans- 
formations of these latter into each other, with the modem 
conception of electrons and the discovery of changes, such as 
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those which the radio-active elementB experience, which amoant 
in point oC fact to a. change of one so-called chemical element into 
others, these two modern discoverieB proving first as Ladenburg 
has said, " Doss unter den Oriechen und Romern Miinner waren. 
die aich injeder Beziekung mil unacren Denkcrn mt-ssrn konntun. " 
and secondly that even in Science history may repeat itself. 

I have therefore discussed the ancient views regarding the 
nature of matter and the Atomic Theory (involving as it does 
questions Uke that of the Periodic Law) at some length and also 
the subject of Badio-activity in a similar manner. 

The latter is no doubt as yet in its infancy and our knowledge 
of it is, it may be said, changing from day to day. I have how- 
ever given as far as possible the latest available information, 
for which I have relied largely on Rutherford's " Radio-active 
Substances and th^r , Radiations," which was published in 
October, 1912. .•:::'•..' .' -.■.■ '.'■'. 

It is only right that ia.tliis.oaaQ^iItioa I shoold express 
my thanks to Dr. Roberf-Jaok-ot this TJniverBity, who spent 
much time and labour.-"in.;re7i8itig-"b|hei proofs dealing with 
that branch of the subject* and w^o supplied me with many 
valuable hints and much useful information. Regarding the 
two last chapters on the question of Inorganic Evolution and 
Arrhenius' views on " Worlds iu the Making " respectively, both 
deal with questions of fundamental interest and importance in 
relation to matter and energy, and neither appear to have been 
presented to the student in a condensed form. 

I can only hope that my efforts in this direction have been 



It only remains for me to express my thanks to quite a 
number of individuals whose kind assistance has placed me 
under considerable obligations. 

My old friends (and former pupils) Professors ColUe and 
Donnan were so kind as to read through the manuscript and 
to make many valuable suggestions. 



PREFACE vii 

Dr. A. W. Stewart and Mr. A, KUlen Macbeth have been 
most kind in revising the proofs and in other ways, and Mise 
Florence Rea assisted me in drawing up the new curve of 
Atomic volumes. 

ProteBsor Svante Arrhenius was so good as to read over the 
last two chapters of the book and to suggest two vaUiable notes. 
Finally I have also to thank him for granting me permission 
to reproduce some of the illustrations from hia work " Worlds 
in the Making," and Messrs. Harper and Brothers, who hold 
the English rights in these, were also so kind as to consent 
to the reproductions. 

Similarly Sir Norman Lockyer has permitted me to reproduce 
certain illustrations from his work on " Inorganic Evolution " 
and Messrs. Macmillan (his publishers) were so good as to grant 
permission also. 

Mr. Strutt, in like manner, permitted me to make use of one 
of the illustrations from his " Becqaerel Rays," 

I desire to express my indebtedness to these gentlemen also. 
E. A, Lbtts. 

M'8 UNlVEBaiT*, 

Belfast, 
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SOME FUNDAMENTAL 
PROBLEMS IN CHEMISTRY 

OLD AND NEW 

CHAPTER I 

THE OLDER OHEMISTEY 

UICIBNT TBEORIEa REOARDDIO TBB NATORE OF UATTER AND 
UORE RBCBNT THEORIES AS TO THE NATURE OF ENEAQY. 

There is an inborn tendency in the human mind to inquira 
into the ultimate nature of things, and, if no immediate 
explanation is forthcoming, to frame an hypothesis or theory 
on the matter. This tendency has probably existed since 
man acquired reasoning powers, and it was certainly highly 
developed among the early Greeks. 

" It ia Ibe distinguiBhiiig peculiarity of the (jreeka that they were 
the only people of the aiicieut world who were proiajited to assume 
a Bcientifio attitude in explaining the mjateriea which surrounded 
them. They were the first and the onl^ people who disengaged 
speculation from theological guidance. . . . The early Greek had no 
predeceasor from whom to learn. He found himself iu the presence 
of myeterieB which he vainly endeavoured to oxpliiiu by polythei»tio 
agencies. He not only saw reason to disbelieve iu these iigeiiciea. but 
saw that if they existed, their arbitrary aud inscrutable volitions 
rendered all eiptaiiatiou aud prediction impossible. 

" He sought elsewhere. Thules and the other Ionic thinkers fixed 
upon common agencies — water, fire, air, etc., and tried to recoustruct 
the world out of these. . . . Tl)e great fact respecting this first epoch is 
that the belief ia the phenomena of nature aa brought about by the 

C.O.N. a 
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unseen beings was quietly set aside ; the causes 
lught iu the couditions of things tijemaelves." ' 

It was in this way that the early Greek (ihilosophers came 
to speculate on the ultimate nature of matter. 

Tbales ^ opened the inquiry : — 

" He felt that there was a vital question to be answered relfttive to 
the beginning of things. He looked around him, and the result of his 
meditation was the conviction that moisture was this beB;inniug, 
He was inipressed with this idea by the earth. There he found 
moisture everywhere. All things he found nourished by moisture : 
warmth itself he declared to proceed from moisture : the seeds of alt 
things are moist. Water when condensed becomes earth. 

" Thus convinced of the universal presence of water, be declared it 
to he the beginning of things. 

"Thales would all the more readily adopt this notion from its 
harmonising with ancient opinions ; such, for instance as those 
expressed in Hesiod's " Theogony '' — wherein Oceanus and Thetis are 
regarded as the parents of all such deities as had any relation to 
nature. He would thus have performed for the popular religion that 
which modern science hiia performed for the book of Genesis.'" ' 

Following Thalee in the idea of a single primordial principle 
or element, Anaximenes * maintained that such principle was 
air and not water. 

Heraclitus * was of the opinion that it was neither of these, 
but fire, while lastly, in relation to a single element theory 
Pherekides ^ maintained that it was earth. 

Empedocles^ introduced the idea of four distinct elements, 
namely, those just mentioned, earth, air, fire and water, 
which were capahle of forming all things by their inter- 
mixture. 

These elements be believed were acted upon by the forces of 

' I.ewin. " Hifllory of Philosophj." 

' Horn ftboul G40 B.C. 

■ Lewis, Inc. eiC. 

' Bora •bont B.iO B.C. 

* Bom about 60S B.C. 

* Born about 6 a.u. 

1 Bom about 384 B.C. 
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love aud hatred : the former causiug their mingling, the latter 
their separation. Love was therefore the formalive principle 
and hate the destructive. The burning of wood on a hearth 
proved, in his opinion, the presence of all four elements in 
that substance. For fire is then evolved from it, along with 
smoke — which he took to be air : the ash remaining he con- 
sidered to be earth : and water was deposited on the cold 
hearth-stone. 

Aristotle ' introduced a fifth element or quinta essentia, more 
subtle and divine than the others, filling celestial space, and 
out of which the heavenly bodies are formed, while the remain- 
ing tour elements belong to the earth. 

Aristotle was of the opinion that these latter elements were 
mutually convertible into one other, each having a property in 
common with that of one of the others. Thus fire is dry and 
warm ; air, warm and moiet ; water, moist and cold ; earth, 
cold and dry. 

But one of these qualities was more dominant in each 
element than the other. "If the dryness of fire," he said 
" be conquered by the moistneas ot water, air [steam] will 
result : if the heat of air be vanquished by the cold of earth, 
water will be produced [dew or frost] : if the moistness of 
water be overpowered by the dryness of fire, earth will result 
[residue left on evaporating ordinary water]." 

The diagram given on p. 4, which is a facsimile from an old 
alchemical treatise,^ represents these ideas symbolically. 

It is easy to see that many ordinary occurrences lent colour 
to these views, if indeed they did not originate them. For 
instance, the production of clouds, and eventually of rain, 
might appear as the transformation of air into water: while 
the evaporation of water might readily be taken for the reverse 
metamorphosis. A lightning flash might be interpreted as the 



w 



CHEMISTRY OLD AND NEW 



converBion of air into fire, and the solid residue which remains 
when ordinary water ia evaporated to drynesH would appear 
to originate from the water. 

It might have been anticipated that when the art of 
experiment had made some progress, these ideas would have 




Flo. 1. — Symbolic represeulation of the tour elomentfl. 

been quickly dispelled, but such was not the case. Thus Vu 
Helmont, who lived in the sixteenth century, believed with 
Thales that water was the fundamental element, and he brought 
forward very specious arguments, and what "appeared to be 
very convincing experiments in favour of his opinion, drawn 
both from the vegetable and animal kingdoms. 

For instance, he planted a willow in a weighed quantity 
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of e&rth Cwhich was dry when weighed), and during five yeara I 
supplied it with rain or distilled water only. Weighing the 
willow both at the time of planting and at the end of the five 
years, he found that it had increased by 164 lbs., irrespective 
of the weight of the leaves it had shed. 

" This and several other eipcrimenta, which it is needless to state, I 
satiatied him that all vegetable Bubatuuces are produced from water 
alone. He takes it for granted that lish live (ultimately at least) 
on water alone, but they contain almost all the peculiar aabstances 
that exist in the auimal kingdom. Hence be concludes that animal 
substances are derived also from pure water." ' 

There can be little, if any doubt, that the Aristotelian 
philosophy, which throughout the Middle Ages was acknow- 
ledged to be the highest expression of scientific truth, gave 
origin to the fundamental doctrine of alchemy, namely 1 
is possible to change one metal into another. 

For if such prodigious metamorphoses can he accomplished ■ 
as the conversion of fire into the air, air into water, water 
into earth, etc., how much more readily ought one metal he 
capable of passing into an entirely similar substance such as 
another metal ? 

The alchemists therefore sought for some medium to effect 
the conversion of a "base" metal, such as lead or tin, into a 
"noble" metal, such as silver or gold, and they called this I 
substance the "Philosopher's Stone," 

Geber,' one of the earliest of the alchemists proper, and one 
of the most celebrated also, was of the opinion that all metals 
are composed of two principles, viz., sulphur and mercury ; 
and that the differences in the metals are partly due to the 
relative proportions of these two principles and partly to the 
purity or the reverse of the latter. He supposed that the 

■ " Thiiiiaou'9 Hiiitoiy of Chemlstr.T." 

' XelnT-Abuu-Mouaaab-Lljaler al iiuli (to give him bis full tide), an Aiab ot • 

- -jghth centutf . 
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noble metaU contained very pure mercury, and as a conse- 
quence that they are unchanged by heat, while the base 
metale contain bo much sulphur that they lose their metallic 
qualities when calcined. 

From the available evidence, it seems probable that the 
alchemical idea originated in Egypt, but the time of its 
birth is shrouded in obscurity. 

According to Kopp' the word "chemia" first occurs in 
writings of the fifth century. 

The following passage is found in the lexicon of Suidas, a 
Greek writer of the eleventh century : — 

"OUeniia. the preparation of silver and gold. The books on it 
were aouj^ht out Ijy Diocletian and burnt, on account of the new 
attempts made by tiie Egyptiaiia against him. He treated them 
with cruelty aud harahncBB, as he sought out the books written by 
the ancients on the chemistry of gold and silver and burnt them. 
His object was to prevent the Efiyptians from becoming rich by the 
knowledge of this art, lent emboldend by abundaoce of wealth, they 
might be induced to resiut the Romans." 

With the progress of time, and no doubt owing to the 
discovery of the therapautic action of some of the metallic 
salts which were prepared for the first time, such as Glauber's 
salt (sodium sulphate), the compounds of antimony, etc., 
chemistry assumed a new direction, to a considerable extent 
owing to the infiueoce of Paracelsus (a man in other ways 
of contemptible character), namely, the preparation of and 
search for chemical medicines, so that we now find alchemy 
passing into what has been called " latro-cbemistry." 

Robert Boyle ' altogether combated the Aristotelian and 
alchemical doctrines regarding the chemical elements, and 
with him commenced a new era in chemical science. 

"In his '.Sceptical Cbymist,' ha upholds the viev that it ia not 
possible, as had been hitherto supposed, to state at once the exact 
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number of tfae element-a ; that on the contrary, all boilieB are tol 
be considered as elements whicli ara theruuetves not capable o( i 
further separation, but whidi can bo obtalued from a combined 
body, and out of wliich the compound can be prepared. Thus be 
states, ' that it may be a^ yet doubted whether or no 
any determinate number of elements ; or, if you please, whether or J 
no, all compound bodies do conaist of the same numberof olementaiyfl 
ingredients or material priociplee.' " 

Boyle, it is clear, was the first to grasp the idea, of the 

distinction between an elementary and a compound body, 
the latter being a more complicated substance, produced 
by the union of two or more simple bodies and differing 
altogether from these in their properties. He also held that 
chemical combination consists of an approximation of the 
smallest particles of matter, and that a decomposition takes 
place when a third body is present, capable of exerting on 
the particles of the one element a greater attraction than the 
particles of the other element with which it is combined. 

More, however, than for his views on the nature of the 
elements is science indebted to Boyle, who first felt and 
taught that cliemistry was not to be the handmaid of any 
art or profession, but that it formed an essential part of the 
great study of nature, and who showed that from this indepen- 
dent point of view alone could the science attain to vigorous 
growth. He was, in fact, the first true scientific chemist, and 
with him we may date a new era for our science when the 
highest aim of chemical research was acknowledged to bo 
that which it is still upheld to be, viz., the simple advancement 
of natural knowledge.' 

The theory of phlogiston is of dual interest in the history 
of chemistry, for, on the one hand, it has been regarded as 
the first rational theory introduced into the science, while on 
the other, the conclusive experiments by Lavoisier, which 

' Roacoe and Schorlemmcr, " Treatise on Chcmistrj," 
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[□ally caused its overthrow, led also to the establiBhrnent of 
pone of the most fundamental doctrines in the whole range of 
physical science, namely that of the conservation or inde- 
structibility of matter. 

This theory dealt with the phenomena of comhnstion, one 
of the commonest and most striking of all chemical actions. 

First propounded by Beccher (1625 — 1682) and later 
developed by Stahl (1660—1734) its essence was the 
assimilation or rejection of a substance which was not exactly 
fire itself but the matter or principle of fire [Materia aiU 
priiicipia ignig nan ipse ignis). When a combustible burns, 
it loses its phlogiston. In order to reproduce the substance, 
phlogiston must be added to the residue left on combustion. 
In other words, combustible bodies are compounds. Thus :■ — 
Combustible — Calx -f- Phlogiston. 

There was undoubtedly a certain amount of plausibility 
in the theory of phlogiston, and it really has a basis of solid 
truth in it, but for the moment let us glance at some of the 
experimental evidence brought forward in support of it. 

Take this case. Lead when heated smoulders into an ash 
or calx. Charcoal when burnt leaves a mere trace of ash. 
Therefore if not phlogiston itself, charcoal is at least very rich 
in it. 

Now heat the calx of lead with charcoal and metallic lead is 
reproduced. 

A fundamental diflSculty in the theory of phlogiston soon 
became manifest. For it -was found that the calx of a com- 
bustible is heavier than the combustible itself. But people 
obsessed, so to speak, by a theory are like people afflicted 
with an incurable disease. The one will not, and the other 
cannot part with the trouble. The believers in the theory of 
phlogiston got out of the difficulty just mentioned by suppos- 
ing that either the metal became more dense, which, in the 
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opinion of some, would produce an increase in weight, or by 
the absorption of fiery particles, or again by endowing phlogiB- 
ton with tbe property of negative weight. 

It sometimes happens that men are, so to speak, bom before 
their time, and that the state of knowledge in their day is not 
Biifficiently advanced for the existing race to be able to 
appreciate their theories or discoveries. Such was the case 
with Jean Rey, Hooke, and especially Mayow. All three had 
stadied combustion independently, and the explanation which 
the first two gave of the phenomenon was partially correct. But 
Mayow's explanation was correct in all essential particulars. 

Hooke had pointed out the similarity of the actions pro- 
duced by air and by nitre or saltpetre, as regards combustion, 
and he concluded that the phenomenon is caused by that 
constituent of the air which is fixed in saltpetre. Mayow 
developed this theory and clearly showed experimentally that 
air contains an active and an inactive constituent — the 
active constituent being what he called Sjiintvs Nitro-Aereas — 
and that it is absorbed in both combustion and respiration 
which processes he considered to be analogous. He also 
distinctly stated that the increase in the weight of a metallic 
calx is caused by the metal absorbing the spirit ua, our 
oxygen, which, however, he failed to isolate. 

When Mayow died Stahl was only nineteen, and it is 
really remarkable that while the former gave in the main the 
correct explanation of combustion, to which scarcely any 
attention was paid, the latter gave an incorrect explanation 
which created a deep impression lasting for nearly a century. 

In 1774 Priestley ' discovered oxygen, but it was reserved 
for Lavoisier to utilise that discovery (which he unjustly 
claimed as his own) in the complete overthrow of the 
phlogiston theory. Lavoisier^ showed in 1770 that water is 
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not converted into earth when evaporated, a common belief at 

fthe time, which he accomphshed by the careful nee of the 
balance, an inBtrumeiit which chemists had much neglected 
before his time. 

" When he bec&ine acqiiiiint«d with the novel and unexpected 

diacoveries of Black (carbonic aniiydride), Priestley (oiygeu), and 

Cavendish (composition of water), a nen- light burst on his mind, and 

I he threw himsulf instantly with fresh ardour into tbe study of 

apecirtlly chemical [ihenomena. He saw at once that the old theory 

was incapable of explaining the facta of combustion, and by the help \ 

of his own experiments, as well as by making use of the experiments 

of others, he succeeded in finding the correct explanation, destroying 

I for ever the theory of phlogiston, and rendering bis name illustrious 

I as having placed the aaienue of chemistry on its true basis." ' 

f Lavoisier's investigatioDs regarding the nature of combus- 

[ tion began about 177*2, and it would be impoaeible in a book 

! of thia kind to attempt more than a summary of his purely 

chemical work. 

Perhaps the greatest of his services was his insistence on 
the use of tbe balance, by which he established (1) the great 
law of the indestructibility of matter (though it may be 
doubted if it was fully realised at the time). Then (2) he gave, 
with abundant experimental proofs, the true explanation of the 
phenomena of eomhuation. 

It is the oxygen of tbe air (or active principle) which is 
operative — sometimes giving invisible products like steam and 
carbonic anhydride (which would escape detection withoat 
special precautions), at others giving visible products like 
metallic calces and phosphoric anhydride, the oxygen content ' 
of which explains the excess of weight over that of the original 

1 combustible. 

(Here, however, he made a somewhat curious mistake, for 
' Boaeoe ud Schorlemmer, "Traatue on Chemistry." 
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he it was who gave oxygen that name, literally "acid 
producer," whereas the oxides of metals are as a class 
bates). 

In giving the true explanation of comhustion, Lavoisier (3) 
finally overthrew the theory o£ phlogiston — at least from the 
material point of view. 

Undoubtedly Lavoisier was one of the giants of science, and 
his output of work in the twenty years during which his 
labours lasted was prodigious. 

But giants have their weakneaaea, and Lavoisier's failing 
was that he largely ignored the work of others and was 
inclined to take the credit for their discoveries to himself. 

Thus he never mentions the theories of liey, Hooke, and 
Mayow regarding comhustion — so closely approximating his 
own — though he must have known of them. Again, Priestley 
told him during a visit he paid to Paris of his discovery of 
oxygen. He ignored Black's work on carbonic anhydride, and 
also to a considerable estent Cavendish's classic researches on 
the composition of water. 

If he erred — and there can apparently be no question that he 
did do so — a terrible fate awaited him, quite unconnected with 
his scientific career. " For he was accused," during the 
horrors of the dictatorship of Robespierre in the French 
Revolution, " along with other farmers general, of defrauding 
the revenue . . . and on May 8th, 1794, was guillotined at 
the age of 51."' 

During practically the whole of the nineteenth century, the 
ideas of Boyle and Lavoisier were accepted as to the nature of 
matter, namely, that it is indestructible and uncreatable, and 
that a certain number of elements or uudecomposable bodies 
exist which by their uniou with each other give rise to all 
known substances. The number of these elements increased 
' Roicoe and Schoilemmer. loa. oil. 
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with the progress of time and discovery, as the foUowing table 
will show : — 

1T84, Bergoiann : The idea of elementa not adopted, 

1793. Lavoisier: MentiouB 22 elemeDts now recognised as rucIi, 
together with light and heat ; alao potaeh, Boda, ammonia, 
lime, barytes, magnesia, alumina, and silica. 

1810. Thomaa Thomaon : 33 elements now recognised as auch, and 
besides these " muriatic acid " and " iiicolanum." 

1830. Turner: 54 elements ; also " pluntnium." 

1850. Graham : 56 elements. 

1902, luteruatioual Atomic Weight table : ' 76 elements. 

1906. „ „ „ „ 78 

1907. „ „ „ „ 80 

1913. ,. „ „ „ 83 „ ^ 

The nineteenth century was remarkable tor the results of 
iDvestigatioDB on the second of the two quantities, which 
together constitute the physical universe, this being energy, 
while the first is, of course, matter. 

Now without giving a detailed history of the views which 
have been held as to the nature of energy from time to time, 
a brief general statement may be made. 

The idea that heat is a form of matter — a Quid, or at least 
of the nature of a fluid — was long maintained, and light, 
electricity, and magnetism were also believed to be of a stmilftr 
nature. 

It is remarkable, however, that Bacon (Lord Verulam) 
believed heat to be identical with motion (hammering iron 
until it becomes red hot). 

Rumford in 1798 showed that heat is generated by 
friction. 

> The numbers at elements piven for tliia and the siiccceding jenrs in Iheee 
Ubles «re those the atomic weights of which hiiTe been dBWrmlnPd with 
certaiat; : others eueh a» Celtium and the " trsnaieut " eiemeat* ai the nulio- 
nottve Berieg (see pp. 77, 169—171) with the exception ot Niton, are not included. 

> See p. 41 for this table. 
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H. Davy in 1799 melted ice by friction with itself, and in 
1812 enunciated the proposition :— 

" The immediate cauae of the pheaomenon of heat, then, ia motion, 
and the lavs ofite commuaication are precisely the aaoie as the laws 
of the commuuicatioD of molioa." 

Bat the establishment of the laws or doctrines of the con- 
servation of energy and of its transformations is due to Joule ' 
(1840—1843). 

In 1840 he published his observations on the heat produced 
by electric currents under various circumstances, from which 
he came to the conclusion that there was a relationship 
between the heat produced and the quantity of zinc consumed 
in the battery. 

Then he measured the amount of work required in a 

> Id the mdjonty, probably, of the great discoveries irhich bare beeu mftde, 
•c*et^ ioilividnBia bave taken part, and it ia often a matter of i^otrovers; as to 
which of them deserves most of the credit. Sncb appears to be the case with the 
doctrine of the conaerratlon of enerjiy. 

Tboj according to the latu Frofessor Tait (" Recent Advances in Physical 
Science," lP7ii], Newton's second interpretation of his third laiv of motion 
■bowi him ■■ to hate been in posaesaiou of many of the principal fuels of the 
oouserration and traosforniation o£ energy." Am! Tail Iben goes on to say that 
had NewloQ known tbat whenever work is spent against f riclion the amount of 
bemt prodoced is proportional to the amount of work producing it, " he would 
have had no difficulty whatever ... in passing to the modern statement of 
the ooniervation of energy." 

degnin, a nephew of UontgoiGcr, says tbat he got from his uncle the idea tbat 
beat is oertaioly not matter, but correspondswith a certain kind of energy ; and 
he also Mys that he had made various experiments with a steam engine in order 
to test whether the same qiiaotity of beat reached the condenser as had left the 
boiler, bnt he was anfartunately nnsuccesaful In all bia experiments, 

Colding, of Copeubagen, a contemporary of Joule, independently came to the 
eoDCtotioa tbat ''Force is imperishable and immortal, and therefore when and 
wberevel force eeems to vauiah in performing certain mechanical, chemical or 
otlier work, the force then nierely undergoes a tranatormatiou and reappeara in 
a new form, but of the original amount as an active force," According to Tail, 
Colding began by being metapbysical, and bis "metaphysics led him to form 
certain opinions, but before publishing one of Ihem, he set to work and 
laborioiuly branght it to the lest of fact. . . . Colding's work is by no means 
so extensive as Joule's. It is very nearly gimultanooos with it, but it is neither 

To J. K. Meyer (1812) is frequently ascribed the merit of the discovery (of the 
doctrioe of the conservation of energy), ami especially on the Continent, but his 
ar^neoli, aa well as bis claims to priority, and also his eiperimcntal methods , 
hare been sharply criticised by bis contemporaiies Ct^ng and Joule, and alao 
by the late liord Kelvin and Professor Talt. 
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magneto-electric machine to generate a given amount of 
electric current which in its turn may be converted into heat. 

Next he directly determined the quantitative relationship 
between heat and work and expressed it as the " Mechanical 
Equivalent of Heat." 

He alno showed that light bad a mechanical value. 

In fact, by hia grand though really simple experiments ha 
conclusively demonstrated that conservation holds for every 
form of energy, and therefore that all physical phenomena 
consist in mere transformations of energy, and that a definite 
quantitative relationship exists between them. Joule therefore 
to a large extent did the same service for energy as Lavoisier 
had done for matter. 

It may be of interest to give the values of some of these 
units and their relations to each other : 



HBiT. 


Mbchakical Ehbbot. 


Klbotbical EnEHOr. 


(Im:.) g™. 
I'OOOO = 4-273 


cms. Erp. JaatsL 
X lO*=*-IW8x IC =*-1908 


CoulomU. c^7drog<B. (Rifled). 
= 4-1908 = 0-O004a3 = 0-000437B 


0-338B - 1-Olil' 


X lO"- l-OOO X 10' = i-wwc 


= I-OOOO = 0-000104 = 0-0001046 


33,036 = 9-8(1 


X 10>=9'664 X lOU^ 96540 


= 96640 = I-OOO 


83,837 = 9-765 


XlO«= 9-670 X 10" = 96700 


= 96700 = = I-OOO 



[Calculation from the most recent electro-chemical equivalent 
of silver (0"001183) and the accepted Atomic Wt. of Hydrogen 
{1-008) gives the modified values shown in the seventh column 
and the bottom row. Recent determinations of the value of 
the mechanical equivalent of the 20°G calorie have fixed it 
at 4185 X 10' ergs. The 16°C calorie is about 1 part in 1000 
greater than the 20^0 value,] 

The doctrine of the " dissipation " or '* degradation " of 
energy, first euunciated by the late Lord Kelvin, deserves 
mention, although, as will be shown further on, there are 
reasons to doubt the ultimate inference which has been drawn 
from it. 
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It may be stated somewhat as follows. 

Whenever (under ordinary conditions) a transformation of 
energy takes place, there is a tendency to " run down the 
scale," that is to say, the quantity being unaltered, the quality 
becomes deteriorated, or the availability becomes leas. 

Take the ease of heat for example. Its availabihty depends 
upon differences of temperature, say between that of the 
bammg fuel on the one hand and that of the condenser on 
the other, in a steam engine. Suppose now that we have all 
the heat from a given weight of coal collected in, say, a ton of 
water at ordinary temperatures ; it would be extremely 
difficult, if not impossible, with any modern appliance to get 
any work out of it. 

" As long ae there ore changes going on in Nature, the energy of 
the uniTsrse is getting lower aud loner ia the scale, and you can see 
at once what its ultimate form must be, bo far at all events as our 
knuwladge yet extends. Its ultimate form must be tliat of heat so 
diffused as to give all bodies the same temperature." ' 

Energy and matter, as we have seen, resemble each other 
in the tact that neither of them can be created nor destroyed, 
or, in other words, that the universe is endowed, and, so far as 
our knowledge goes, has always been endowed, with a fixed 
quantity of each. The different forms of energy can be trans- 
formed into each other. Now, ia it possible that our so-called 
elements are also transformable into each other, and that they 
are merely complexes of some primordial form of matter ? If 
this were established it would greatly simplify our conceptions 
of the two fundamentals of our universe. 

Striking evidence in favour of the view that our elements 
are compounds of a common constituent will be given in sub- 
sequent chapters. Meanwhile this section may be concluded 
with two observations. 

First, the theory of phlogiston had a real and important 
' Tait, loc. cU. 
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sub-stratam of truth in it, though not in relation to matter. 
Some pages back the following formula was given as expressing 
the fundamental idea of the theory of phlogiston : — 
Combustible ^r Calx + Phlogiston, 
If we substitute energy for phlogiston in that equation, it 
becomes an absolutely correct expression, thus : — 

Combustible = Calx + Energy. 
This is indeed simply a modification of our present thermo- 

chemical equations, for example :— i 

Pb + =:r PbO + 50-8 K. H 

Which may be said to have two interpretations, viz. : — 

(1) That when 207 grams of metallic lead (Pb) combine 
with 16 grams of oxygen (0), energy in the form of heat is 
evolved, equal to 50"8 larger calories {= 5,080 smaller calories) 
(see page 14). or 

(2) In order to reverse the reaction (that is to obtain 207 
giams of lead and IG grams of oxygen from 223 grams of 
lead oxide) energy to the same extent must be absorbed. 

Second : — 

(1) The past tew years have seen a revival of the alchemical 
idea on a sound scientific basis. 

(2) A modern view of electricity is that it is of a materialistic 
nature. 

In this way we have some old ideas revived. 




THB ATOMIC THEORY AND ATOMIC WEIGHTS 



Trb qaestioQ whether a piece of ftD^tbing is capable of 
only finite or of infinite subdiviBion must have presented 
itself to mankind when their intelligence had reached a certain 
stage of development, and it is interesting to note that the 
former view was adopted and not the latter ; also that this 
qaestion as to the divisibiUty of matter formed a subject of 
speculation more than twenty-three centuries ago. 

It has been asserted that the ancient Hindus conceived the 
idea of atoms or indivisible particles before the Greeks, but 
the first positive statements regarding this idea, it is usually 
asserted, originated with the latter, and are to be found in the 
writings of the two philosophers, Leucippos and Democritoj' 
(about 460 B.C.)- The former held the view that the world was 
produced by the falling together of atoms which are the 
principles of things and are endowed with spontaneous 
movements of a rotatory nature. 

The latter extended this theory, maintaining that the 
principles of things are not only atoms but include a vacuum 
also. 

Atoms are invisible because of their minuteness, indivisible 
by reason of their solidity, impenetrable, unalterable and 

' It Bhould, hciwever, be ment.ioDcd Ihut sd earlier philosopher oE the eama 
nfttioQ. Aiui\agoia« of ElazQiuenie (500 B.C.) raaght that the primitiie C0DSti> 
tuenW of ihiiigi are stnall particles which he called Iwiiiaamaria, that Is liht 
parU, and that the«e were armoged in order out of chaos bj an inCfUigence or 
now, the obaoa consisting of all sons of partialea, while the mnm sorted them 
ont into sitniUr sela bj a ceiitrifugal motemant. Tbtise ideas probably 
InfiacDCod Lencippos and Demcicritos in their Bpcculatloni 

C.O.K. C 
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in&iite in number. They differ Erom each other in eize, 
shape and weight, are actuated b; fate or necessity, and 
poseess an oblique movement in the vacuum causing those 
of like nature to collide and group themselves together, by 
which means all things have been formed. 

The vacuum ie also infinite in magnitude, and is necessary, 
otherwise the atoms could not move. 

While the atomic theory of matter was no doubt not for- 
gotten, it remained in abeyance for many centuries, no doubt 
for want of any definite evidence in its favour. It is true that 
certain writers made it a part of their systems during the 
middle ages, and Descartes adopted it in a modified form. 

As at first propounded, it had, however, no experimental 
basis, nor indeed any positive evidence in its favour, and 
remained for many centuries merely an hypothesis. There- 
fore it may be said that when Dalton, early in the laet century, 
came to the cooeiugion that the quantitative facts relating to 
the combination of elementary substances like hydrogen and 
oxygen were associated with the weights of the ultimate 
particles of those substancea or atoms, he did an immense 
service for chemistry, and laid the foundation stone of at least 
a century's advance in the subject. 

"In all chemical investigations," he says,' "it has justly 
been considered an important object to ascertain the relative 
weights of the simples which constitute a compound. But 
unfortunately the inquiry has terminated here ; whereas from 
the relative weights in the mass, the relative weights of the 
ultimate particles or atoms might have been inferred — from 
which their number and weights in various other compounds 
would appear, in order to assist and to guide future investiga- 
tions, and to correct their results. 

" Now it is one great object of this work to show the import 
and advantage of ascertaining the relative weights of the 

1 •' A New Sjatcm oi CliamicaL Hliilasopb;," Jolin UaltOD, 1803. 
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ultimate particles both of simple and compound bodies, the 
number of simple and elementary particles which constitute 
one compoand particle, and the number of less compound 
particles which enter into the formation of one more compound 
particle," \ 

Thus if one particle of water consiata of two smaller particles, 
one being hydrogen and the other oxygen, then aa 1 part by 
weight of the former combines with 8 parts by weight of the 
latter (or, as Dalton believed, 6'6), their respective atomic 
weights are as 1 : 8 (or as 1 : 6'5). 

The great mistake Dalton made was in laying down arbitrary 
roles — which were by no means justified — as to the numbers 
of atoms present in the compound particle, or " molecule," as 
we now call it. 

These rules were as follow ; — 

1 atom A + 1 Fitom B = 1 atom C = a binary particle. 

1 „ A + 2 ., B = 1 „ D = a temiiry 

2 „ A + 1 „ B = 1 „ E = a 

1 „ A + 3 „ B=l „ F = a quLiternary „ 

3 „ A+ 1 ,. B= 1 „ G = a 

" When one oompouDd caii be obtained only it miiat be presuiued 
to be binary. 

" Wbeu two, tbey must be presumed to l>e binary and ternary. 

" When three, one we may expect to bo binary and two ternary, 

"^VTien tour combinations aro observed we should eipect one 
binary, two ternary, and one quaternary, etc." 

" From the application of these rules to the chemical facta already 
ascertatued we deduce the following conclusions : — 

" Firat, water is a binary compound of hydrogen and oxygen, and 
the relative weights of the two elementary aturas are as 1 : 7 nearly. 

"Second, that ammonia is a binary compound of hydrogen and 
azote, and that the relative weights of the two atoms are as 1 : 5 
newly. 

" In all these cases the weights are expressed in atoms of hydrogen, 
each of which is denoted by unity." ' 
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The arbitrariuesa of these Bo-called mles was pointed out at 
the time ; nevertheless, one oE Dalton's main ideas, es expreeaed 
ID the words of his quoted above, is still our chief guide to 
exact atomic weight determinations in all ordinary cases, 



"From tin relative weights in the maas (of the compound) the 
relative weights of the ultioiate particles of the bodies* or atoms 
(i.e. of the couBtituentB) might have been inferred." 

This we now express by saying that the equivalent of an 
element is related in nn exact arithmetical ratio to its atomic 
weight. 

Just a word as to the exact meaning of the term 
"equivalent." 

Dalton, as we have seen, fixed on hydrogen as the standard 
of atomic weights ; and for some time his example was followed, 
although hydrogen forms but few compounds, so that but few 
direct ratios could be observed. On the other hand, oxygen 
combines with moat elements, so that many ratios between the 
weights of elements and the weights of oxygen in their oxides 
can be directly determined, and Berzeliua referred atomic 
weights to oxygen = 100. 

Two standards were published by the International Atomie 
Weight Commission up to 1905,' viz.: — 

H = 1. = 15-88. 

H = 1008. = IG. 

An equivalent may be based on either of these standards and 
be defined thus : — 

(a) The weight of an element combining with, or displacing, 
1 part of hydrogen, or 7"94 of oxygen, or (b) the weight of an 
element combining with 8 parts of oxygen, or combining with 
or displacing I'OOS of hydrogen. 
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The atomic weight is always some exact power ol the 
equivalent. Thua : — 

Equivalent of an element — 9. (0 = 16.) 

Formula 
Eqt. Factor At. Wt. of O.iide. 

9X1 = 9 EaO. 

9 X 2 = 18 EO. 

9 ■ X 8 =27 EaOs- 

9 X 4 = 36 EOj. 

and 80 on. 

We shall return to the subject of equivalents in relation to 
exactness of their determination presently. 

Meanwhile we may take a general survey of the other 
methods for determining atomic weights. 

Gat/'Lussac's Law of Atomic Volumes. — When Gay-Lussac 
propounded this law he had the advantage of knowing Boyle's 
Law; he had discovered' the law o! the behaviour of gases 
under alterations of temiierature, and he was therefore able to 
realise that in comparing the volumes of different gases they 
must be meaeured under similar conditions of temperature 
and pressure. 

In 1805 Gay-Lussac and Humboldt announced that, so 
far as they could ascertain under aueh conditions, exactly 
3 volumes of hydrogen combine with I volume of oxygen. 
And in 1808 Gay-Luasac made the further discovery that 
other gases combine in simple volumetric proportions — always 
provided that temperature and pressure are equal and in addi- 
tion to this, he alao found that the volumes of the products 

> DbIUd Is 1S03 published iix papers in the " Humoiraof the Litemrj ftnd 
Soieatific Society of Uaaoliefitor," and iu the Inat ol these, according lo Tbomaon, 
Dftlton ihowed " ttiat aU elaatic lluida expand the same qiiantitj bj the same 
additiuD of heal, aud tbia expanBion is jh'-'' P""' *"'' ^^"^J degree at 
PkhMnheit't iherraometer " (Tham»s ThoiuBon : " A Hietory of Chemietry "). 
The diicoTerj of the I&w is hImi Attributed to Cbarlea. It is a cnriouB 
coincideoce that as regards most ol the laws relating to the plijucal behaTiour 
of gazes, more than ooe claimaDt couteiiU the diacovei;. 
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of the reacting gaaee bore a simple relation to those of these 
latter. Thus he found that : — 



3 toIh. bjdrogea + „ niirugen = 

Also he further observed that the weights of these volumes 
bore simple relationships to the combining weights of the 
several gases, and eventually came to the conclusion that the 
iccifjkte of equal rnlumee of gases at the game temperature and 
pressure are proportional to their atomic weights, or if hydrogen 
U taken as unity, both as regards the atomic weights and the 
specific gravities of gases, that tlie latter are identiiral mth their 
atomic weights. 

It has been stated * that Dalton had also thought of this 
law, and before Gay-Lussac, but eaine to the conclusion that 
it was erroneous, because 1 volume of nitrogen (j- atoms) + 
1 volume of oxygen {t atoms) give 2 volumes of nitric oxide 
(2x atoms), instead of 1 volume = 1 atom (or molecule, as we 
now term it). 

In 1811 Avogadro' introduced his well-known law, which 
was a much wider and more comprehenBive generalisation than 
Gay-Lussac's law. 

Avogadro's law states that equal volumes of gases under the 
same conditions of temperature and pressure contain the same 
number of molecules, which he called molietdes iutegrantei, and 
not necessarily the same number of atoms, which he termed 
tnolecules denientatres. 

The weights of these equal volumes are then proportional 
to molecular weights, but as hydrogen happens to have a 
diatomic molecule, Gay-Lussac's law is true for all volatile 
elements having similarly constituted molecules, such as 

■ Lsdenburg. " Eutwickeluiigsifcscliii^hle dcr Oiemie," 18U9, pp. G3, fi3. 
* Jimn. dg Pkyi., par Dt la Mithtrie, t, 73, Juillet, 1811, pp. 58-76 ,■ ibid., 
F«bru&ire, 1814. 
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oiygeo, the balogena, etc. This being the case, it is some- 
what remarkable that the atomic weight of oxygen remained 
8 until 1843, when it waa doubled (along with that of carbon 
= 6) at Gerhardfs auggestion.' 

Application of Avogadro's law to the determination of atomic 
uTt^hts. 

From the relationship : — 



'. Gr, of gaa or vapour = 



Molecular weight 
2 



we can, in a number of cases, ascertain the molecular weights 
of the individual members of a series of compounds of a given 
element, and we take as the atomic weight of the element the 
smallest quantity of it found in any of these molecules. Thus 
for oxygen : — 





Sp-rlDd gravity 






"»lghl. 


molociilsr welgliL 


Carbon monoxide 


28-00 


Oxygen = 16, Carbon = 12-00 


.. dioxide . 


44-00 


„ - 32, ,. = 1200 


Sulphur „ 


64-07 


„ = 33. Sulphur = 32-07 


trioxide. 


60-07 


„ = 48, „ = 32-07 


Water 


18-016 


., = 16, Hydrogen = 2-016 


Nitric oxide 


30-01 


„ = 16, Nitrogen = 14-01 



Therefore = 16. 

(This method in exceptional cases may lead to erroneoaa 
cODclueions. Thus the smallest quantity of aluminnm found 
in the molecules of its inorganic compounds = 54-2, while 
AI = 27-1.) 

Dulotig and Pettt'i Law. — In the year 1819 Dulong and 
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Petit' mada careful determinations of the specific beats of the 
following thirteen elements : — 

Ei, Pb, Au, Pt, Sa, Ag, Zn, Fe, Cu, Ni, Co, 8, Te, 
and found that the products of these specific beats with the 
corresponding atomic weights was a constant number. 

They alao pointed out that this was probably a general law, 
and might be employed in atomic weight determinations. 

Aa the specific heat of a body is the amount of heat required 
to raise the temperature of unit weight 1" C, the product of 
Bpecific heat and atomic weight is obviously the quantity of 
beat required to raise the temperature of an atomic weight of 
an element 1° C, or in other words Dulong and Petit'a law 
states that all atoms have the same heat capacity. 

It has been found that in round numbers this capacity or 
" atomic beat " is about 6'4,' whence it follows that 



Atomic weight = 



6-4 



" Specific heat* 

A concrete example will illustrate the use of the method : 
thuB the epeoifie heat of aluminum is 0"214 (Regnault), whence 
its atomic weight, according to the law in question, is 

olr4 = ^«* 

The equivalent of the metal is 9'03S, whence its true atomic 
weight is 

9-033 X 3 = 27-099 (0 = 16). 

It will be seen from this example that Dulong and Petit's 
law is only an approximation, and indeed it was soon found 
that tbe specific heat of an element ia often a variable 
quantity, growing in general with the temperature at which 
it is determined, and .varying with the condition of the 
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element, if the latter is capable of existing in more than one 
modification. 

The following are some of the results for carbon^ : — 



Condition. 


Tempentttn «C. 


Specific Heat. 


Specific Heat x 
Atomic Weiglit 


Diamond 


- 50-5 


0-064 


0-77 


f> 




+ 10-7 


0-113 


1-36 


tt 




+ 206-1 


0-273 


3-28 


ft 




+ 606-7 


0-441 


5-29 


>i 




+ 985-0 


0-459 


5-51 


Graphite. 




- 50-3 


0114 


1-37 


i> • 




+ 61-3 


0199 


2-39 


»» • 




+ 201-6 


0-297 


3-56 


tj • " 




+ 977-0 


0-467 


5-60 


Charcoal. 




to + 99-2 


0-194 


2-33 


>» • « 




to + 233-6 


0-239 


2-87 



The greatest exceptions to Dulong and Petit's law occur 
among the non-metallic elementSi and Nernst^ gives the 
following :— 



Element 


Specific Heat x 
Atomic WeighU 


Carbon 


1-8 


Hydrogen . ^ 
Boron 


2-3 
2-7 


Beryllium . 
Silicon 


3-7 
3-8 


Oxygen 
Phosphorus 
Sulphur 
Germanium 


4-0 
5-4 
5-4 
6-5 



On the other hand, the fewest exceptions to the law are to 

1 Remsen : " Principles of Theoretical Chemistrj " (4th edit., p. 73). 
« W. Nernrt : " Theoretical Chemistry." Translated by C. 8. Palmer, 1895, 
p. 154. 
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be found among the elemeotB with high atomic weights and 
especially the metals. 

The investigationB of Neuman (1831), Regnaulfc (1840), and 
eepecially of Kopp'(1878) led to an extensiou of tho law of 
specific heats to compounds, and showed that in the latter the 
different atoms retain their beat capacities, or, in other words, 
that molecalar heat depends on the number of atoms present, 
thus ; — 

n X 6'4 = molecular heat. 
Where n ^ number of atoms in the compound. 

The following examples ma; be given : — 





HQlecallT H«t. 




CiIcD^Ud (■ K e-4]. 


— g 


PbS . 
PbOl, . 
OoAs, . 
NsOl . 


12-8 
19-2 
19-2 
12'8 


IS'7 1 
18-5 ■ 
19'2 ■ 
12a ^ 



Specific heat thus appears to he an " additive property " — 

that is to say one depending entirely upon the number of 
atoms present and a function of each, the latter in this case 
being the same for all metallic atoms. 

When all the atoms are not metallic or have a different 
atomic heat from 6*4, the special values for the atomic heats 
may be utilised in the calculation. Thus the specific heat of 
ice ia 0-474, and therefore its molecular heat 18 X 0'474 = 
8-6S2. While the molecular heat calculated from the figures 
given above is 

2 X 2-3 (Ha) + 4 (0) = HG. 

Again, the molecular heat of calcium carbonate as deter- 
mined experimentally is 204, while the calculated figure is 
6-4 (Ca) + 1-8 (C) + 3 X 4 (0) = 202. 

■ Liebig'a "Aunaten." Sujiplemenl, Band 3, p. 1, 289 (IStil). 
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From the molecular heat of a compound the heat of a 
constitaent atom may be calculated. 

Thus if the atomic heat of lead (6-4) be subtracted from the 
molecular heat of lead chloride, the remainder correaponda 
with twice the atomic heat of solid chlorine, thus : — 



18-5 - 6-4 = 12-1. And ~ = 605, 

Similarly 

NaCl - Na = CI. 
12'8 — 6-4 = 6-4. 

And it is thus possible not only to arrive at specific or 
atomic heata which would be dlSicult to determine directly, 
but also to calculate atomic weights. Thus, from the above, 
the mean specific heat for chlorine is 0176 and 

wm = "''- 

Thf Law of Isomorphism (Mitscherlich, 1819—1820).— 
Before considering this law, the following historical particulars 
may be given, 

Hauy' regarded crystalline form (Orumhjcstalt) as an impor- 
tant aid in determining the nature of a substance, differences 
in crystalline form indicating differences in compoaition, a 
proposition which Berthollet^ combated. Gay-Lussac^ 
noticed in 1816 that crystals of potash alum grow in a solution 
of ammonia alum, without changing their form. 

Interesting observations were made in this direction by 
Beudant* 

• "TrBTt^dc Mineraliigie," 

» "Statique Cblmiqae, ' 1. i33. 

' Kopp: "GoschfchtederChemie." II. iOfi. 

* A<i»aU,d. C/,i.,:fCd.Plti,i..lV..-:2; Vn.,3ilBi VIII.. C ; XIV,, 328. 
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G-ehleu^ maintEiiiied that he had succeeded in obtaining 
crystals of sodium nitrate in the form of potassium nitrate. 

Mitscherlich's discovery of isomorphism originated in an 
observation which he made, that corresponding salts of phos- 
phoric and arsenic acids crystallised in precisely the same 
form, and in 1819^ expressed himself as follows : — 

" A aimiUr number of ntouiB Bitnilurly combined produces aimilar 
ciystalliiio forniB. The similarity in cryatalliue form is independent 
of tLe clieoiiuttl nature of tlie atoms and ia conditioned only by their 
number and arrangement." 

The law as thus stated is by no means true : thus BaMugOs, 
NaaSOi, and NoaSeOi crystallise in the same form, although 
the first obviously contains a larger number of atoms than the 
other two. And again, salts of ammonium are isomorphous 
with the corresponding salts of potassium. 

Mitscherlich observed that truly isomorphous bodies are 
eueh as crystallise together from the same solution, and 
at the present time isomorphous substances are generally 
defined as (1) having a similar composition, (2) crystallising in 
the same form, and (3j crystallising together from a mixed 
solution. 

In employing this law for the purpose of atomic weight 
determinations that amount of a given element is taken as its 
atomic weight which may be regarded as replacing an atomic 
weight of another element (the atomic weight of which is 
known) in a given compound without changing the crystalline 
form of the latter. A couple of examples will illustrate the 
application of the method. 

(1) The equivalent of a certain element is 12'025 and its 
oxide is isomorphous with cassiterite. Now the latter has the 
formula SnOa and contains four equivalents of tetrad tin or 

' Schweigger ; Jmrn. dtr Cken. v. Phyt., XV., 383, Auinerk. 
> Abhaxdl. d. Berl. Akad., Dcceiubec 9, ISIU ; Ann. Ckini. tC d. Phyt.. 
SIV., 173. 
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118 parts by weight united to 82 parts by weight of oxygen ; 
therefore the atomic weight of the element in queBtton 
(titanium) is : 

12025 X 4=481, 

or crystallised titanic oxide may be considered as resulting 
Irom the replacement of an atomic weight of tin by 48-1 parts 
of titanium. 

(2) The correction of the atomic weight of vanadium by 
Roscoe in 1868' is perhaps the most classic example of the 
servicee of the method. 

Berzelias in 1831* had fixed the atomic weight of that 
element at 68'5, mainly on the grounds: — 

(a) That vanadic acid (or as we should now call it vanadio 
anhydride) is reduced by hydrogen at a red heat, and (b) that 
the remaining oxide when treated with chlorine at a red 
heat givea a chloride of vanadium which is volatile and a fixed 
residue of the original vanadic acid, amounting to exactly one- 
third ot the weight of the vanadic acid originally taken. These 
changes may be represented as follows ; — 
Berzelius (0 = 8). 

(1) VO3 + Ha = VO + HaOs. 

(2) 3 VO + Clu = VOa + 2 VCla. 

Roscoe drew attention first to the fact that vanadinite, which, 
in addition to vanadium, contains lead, oxygen and chlorine, is 
isomorphous with pyromorphite, which he formulated as 

3 (PbsPaOs) . PbClj ; 
and with minerals having a similar composition, such aa 
mimetesite 9 (PbaAsaOg) . PbCla . and apatite 3 (CaaPaOe) - CaClj. 
With Berzelius' atomic weight tor vanadium this isomorphism 
was inexplicable. 

Roscoe next repeated Berzelius' experiment of reducing 
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vanadic acid (at a red heat) in a stream of hydrogen, and to a 

considerable extent confirmed his quantitative results : — 

BerzeliuB ...... 82-712 

RoBCoe 82-487 

He next contrasted hia own views with those of Berzelius 
(already given) as regards (1) the reduction of vanadic acid at 
a red heat by hydrogen and (2) the effects of chlorine on the 
residue thus : — 

Roscoe (0 = 16). 

(1) VA + 2Hs = VA + 2HaO 

(2) SVaOa + 6Cla = WO^ + 4V0Cla. 

In support of these views, he showed (a) that vanadic acid 
(anhydride) must contain more than 3 atoms of oxygen, as 
it can be formed from an oxide already containing 3 atoms 
of that element, (b) that the so-called terchloride, which 
Berzelius supposed was formed when chlorine is passed over 
the oxide (obtained by the reduction of vanadic acid in hydro- 
gen), is really an oxychloride, and (c) that the vapour density 
of the latter (86-8 obtained, 88'2 calculated if II = 1) agrees 
with the formula VOClo if V = 51'8. Lastly, with the new 
atomic weight for vanadium, vanadinite has a similar formula 
to pyromorphite, namely, 

3 (PbaVaOs) . PbClj, 
or that it may be considered as resulting from the replacei 
of 6 atoms of phosphorus in pyromorphite by 6 of vanadium, 
each of the latter weighing 51*3. 

The exact eetimabion of equivalents is, in the majority of 
cases, the really important step in determining atomic weights. 
For, as we have seen, the latter are simple multiples of the 
equivalents. The factor is not difficult to determine as a rule. 
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AB it is a simple and deduced number, but the equivalent rests 
entirely on experiments, wbich are often carried out under 
difficult and uncertain conditions. 

It may be laid down as a general rule that the determination 
of the equivalent of an element rests on the quantitative 
Bnalyeis or Bynthesis of compounds, which can lie more or less 
easily obtained in the pure state. The following are some of 
the chief types of methods : — 

(1) Qiia-ttitative aiialys'm, partial, or complete, but as a rule 
partial. Example : Heating calcium carbonate to obtain the 
Tfttio CO3 : CaO, whence, knowing the value of C and 0, that 
of Ca can be deduced. 

(2) Dirett syiithfsis. — Example: The conversion of a weighed 
quantity of carbon into carbonic anhydride and weighing the 
latter. 

(3) Indirect synthesis. — Example: Reducing a weighed 
quantity of oside of copper by hydrogen and weighing the 
resulting water and metallic copper. 

^4) From the densities of elements or compounds in the con- 
dition 0/ gases or vapours. ~ Example : The density of nitrogen 
and of certain of its gaseous compounds led not so long ago to 
B correction of the atomic weight of nitrogen, which has caused 
a correction in the values of the atomic weights of several 
other elements. 

A more detailed description of the practical details in carry- 
ing out one of these methods may next be given. 

Hydrogen and oxi/geii (by methods 3 and 4). — Berzelius 
and Dulong' first made use of this method in 1820, and 
obtained, as a mean of three experiments: — 

Oxygen .... 88-90 
Hydrogen . . . II'IO 

100-00 
> Ann. Chim. PKyt., XV., p. 386. 
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from which it foUoved that the eqnivalent of oxygen waa 
8-009 (H = 1). 

In 1843 Dumas repeated the determination, pointing out 
the following sources of error in the experiments of BerzeliaB 
and Dulong. 

(1) Their weighings were not reduced to a vacuum. Some 
idea of the magnitude of the error thus introduced will be 
gathered from the fact that Berzelius and Dulong obtained 
altogether 30*519 grams of water. With the correction 
for weighing this quantity in vacuo the amount would be 
80*561 grams, a by no means small correction. 

(3) The hydrogen was neither quite pure nor quite dry. 

(3) The quantity of water obtained should have been larger 
if a high degree of accuracy was aimed at. 

(4) Certain other corrections. 

The apparatus used by Dumas is reproduced as far as 
poBsible in reduced facsiiiiile from their original paper ^ in the 
figure shown on p. 32. 

The hydrogen was produced by the action of dilute 
Eulpharic acid on zinc, and was purified by passing it through 
a number of U tubes containing various substances for that 
purpose, such as lead nitrate, silver sulphate, caustic potash 
(both in solution and in the solid state), and desiccating agents 
such as sulphuric acid or phosphoric anhydride. It then 
passed into the globe containing tbe heated copper oxide, and 
finally the water produced was caught in a system of weighed 
tubes containing first caustic potash and then pumice along 
with phosphoric anhydride. 

The following is a list of the operations performed daring 
an experiment : — 

(1) Displacement of the air in the apparatus by hydrogen. 

(2) Weighing the veaael oontaiuiugthe copper ojide. 

(3) Weighing the water-coUeuting a,pparatuH. 

I Ciaipt. Bend.. U, p. n3" ; J«i, Vltim. Pl,y$. [3] YIH., p. 189. 
O.O.K. D 
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(i) Adjustment of appftratiiH. 

(5) Reduction (i.e., Leatiogthe copper oiide in hydrogen). 

(6) Cooling ifae apparatus. 

(7) Evocuatiug and weighing vessel ooutaiuing the reduced copper 
oxide. 

(8) Displacement of the hydrogen by air in the nater-collecting 
KpparatuB. 

(9) Weighing the water-receiving npparatuB. 

Owing to the length of the operations, the weighings had to 
be performed at from *2 to 8 a.m., a very unfavourable time, as 
Dnmaa remarks, after from nineteen to twenty hours of work. 

Domas obtained more than 1 kilogramme of water In 
nineteen separate esperiments, the mean results being : — 

Hydrogen . . . 11-136 

Oxygen .... 88864 ^_ 

100000 ^M 

whence the equivalent of oxygeo worked out to 7'9804 
CH=1). 

There were still sources of error in the method, e.g., air in 
the sulphuric acid used ; incomplete expulsion of air from such 
a large apparatus ; occlusion of hydrogen by the reduced 
copper ; insufficient drying of the hydrogen ; hydrogen passed 
through strong sulphuric acid becomes slightly contaminated 
-with sulphurous anhydride ; the oxide of copper may contain 
occluded nitrogen or other impurities. 

Several other observers utilised the principle of the 
quantitative synthesis of water for determining the propor- 
tions in which hydrogen and oxygen combine, and from the 
latter the atomic weights of the two elements on the assump- 
tion that the formula of water is H3O, while a number of 
other workers have derived these atomic weights from the 
deneitiea of the two gases (method 4). 
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Data fob Re-oalculation op Atomic Weight of Osxgem 

(GIiABKB). 

A. From Synthesis of Water. 



D.1.^. 


01»ery«s. 


fiitio. 


........ 


1842 


Erdmann and Marchand 


15975 ±-0113 


1-00156 




Dumas 


16-9607 ± -0070 


1-00246 


1888 


Keiser .... 


15'9514 ± -0011 


1-00305 


1870 


Thomsen . 


15-91 ± -0113 


1-00565 


1890 


Noyea (uncorraoted) 
DuloDg and Berzelius . 


15-8966 ± -0017 


1-00630 


1821 


15-894 ± -0570 


1-00667 


1889 


Eayleigh 


15-89 ± -0090 


1-00692 


1892 


Leduc .... 


15-881 ±-0132 


1-0O76O 


1898 


Keiser .... 


15-8799 ± -0O46 


1-00766 


1891—95 


Morloy. 


15-8790 ± -00028 


1-00762 


1907 


Noy». . . . . 


15-8745 ± -00021 


1-00783 


1887 


Cooke and Richards . 


15-8690 ± -0020 


1-00825 


1895 


Tliomson . 


15-8690 ± -0022 


1-00825 


1890 


Dittmar and Henderson 


15-8677 ± -0046 


1-00834 


1887 


Keiser . . . . 
General Mean. 


15-864 ±-0150 


1-00867 




16-8779 ± -00016 


l-00769± 








■00001 



B. From Gaseous Deraities. 



18il 
18Jd 
1887 



1891 

1891—95 ? 
1896 



Dumas aod Bonasingaulb 
Begnault (corrocted) 
Bayleigh .... 

Cooke .... 
Leduc .... 
Morley (iocludiug all data) 
Thomsen 



15-905 ± -035 
15-9106 ± -0044 
15-884 ± -0048 
15-882 ± -0023 
15-890 ± -0067 
15-906 ± -0154 
156955 ± -0006 
15-8878 ± -0022 



15-8948 ± -00048 
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A complete list of the final results of the work on both 
methods, with particulars as to the names of the observers, 
and the dates of their work, will be found on p. 35. 

Meanwhile it should be mentioned that formerly atomic 
weights were referred to hydrogen as unity ; but that now 
oxygen is universally accepted &a the standard with an atomic 
weight of 16. 

Clarke ' recalculated the results of all the workers on atomic 
weights, generally adopting the plan of combining similar data 
together, irrespective of the observers, and finally computing 
from the general mean so obtained the atomic weight to be 
establiuhed. He says : — 

"Beginning with the ratio between hjdn^eu and oiygen, each 
series of experiments was taken by itself, its arithmetical mean was 
determined and the probable error of that mean was computed. 
Then the several means were combined, according to the appropriate 
formula, each one reoeiving a weight dependent on its probable error. 
The general mean thuR cstabliKbeJ was taken an the most probable 
value for the ratio, and at the same time its probable error was 
mathematically assigned. . . . But although the discussion of 
atomie weights is ostensibly mathematical, it cannot be purely so. 
ChoRiical considerations are necessarily involved at every turn. In 
assigning weights to mean values, I have been, for the most part, 
rigidly guided by matbematical rules, but in some cases I have been 
compelled to reject altogether aeries of data which were mathe- 
matiually excellent, but chemically worthless because of constant 
errors." * 

If hydrogen and oxygen were perfect gases they would 
combine in the exact volumetric proportions of 2 : 1. But 
they are not and they deviate from Boyle's law in opposite 
directions. 

' "The ConatantB of Nature," Part V., "A Recalculation of tlie Atomic 
Weigbti" (^t^mithsoniau HiBcellaaeoos CollectioiiB), 3rd ed., 1910; lit ed. 
18B2; 2nded. 1897. 

I Foi the matbemntlcal part of Clarke's work, lee Appendix I. to tUzs chapter. 
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The exact volumetric ratios have, however, been investigated, 
with the following reeulta : — 

Scott 1 vol. osygen = 200245 vols, hydrogen (Lab. Temp.) 

„ „ „ = 2-00285 ,. „ (Calcd. O.-'C.) 

Morley,, „ „ =2-00274 „ „ ( „ „ ) 

Mean valae . 2-0028 ± 000004. 

" Now including all available data we have a moan value for the 
density ratio : — 

(a) H : : : 1 : 15-8948, 

or, omitting Morley's rejected aeries, 

(b) H : : : 1 : IS-SOai. 

" Correcting these by the volume ratio 3-0028 ± 000004, the final 
results from deoaitiee become, in terms of the liydrogen unit, 

(a) = 15-8726 ± 0-00058. 

(b) = 15-8769 ± 000058. 

" Combining these with the result from tlie synthesis of water and 
rejecting nothing, we have : — 

By syntheais of water . . . . = 15-8779 ± 0-00016 
„ gaseouH densities . . . . = 15*8726 ± 0-00058 

General mean 15-8775 0'00015 

"If we reject Keiscr's worli under the flrat heading, and omit 
Morley's defective hydrogen series under the second, we get ; — 
By si-nthesia of water . . . = 15-8760 ±-00017 or 

H= 1-00781 ± 00001 
By gaseous douaities . . . =^ 15-8769 ± -00058 or 

H = 1-00775 ± -000035 

General mean = 15-8763 ±'00016 or 

H= 1-00779 ±-00001." 
(Clarke.) 

It seems scarcely necessary to observe that the above figures 
signify that if H = 1, = 15-8762, or if = 10, H = 1-00779. 
The latter figure, as will be seen later, is rounded ofE to I'OOS 
in the Lntemational table of atomic weights, and is the only 
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It may also be mentioned that Mendeleef, as early as 1890, 
had pointed out that Stas' value for the atomic weight of iodine 
waa probably too low and that a revision was necessary. 

Eventually it seems to have been pretty clearly proved that 
Stas' figures were vitiated by his having employed too large 
quantities of materials in his determinations, partly to reduce 
errors of weighing and partly to diminish experimental errors. 

In order to avoid the use of excessive quantities of liquids, 
he carried out his precipitations in too concentrated solutions, 
which led to " adsorption" or "occlusion" in the precipitates 
(i.e., of particles of the precipitant), and he even increased 
this source of error in some of his later determinations by 
adding his precipitants (c^., NHjCl, NH,Br, NaCl, NaBr, etc.) 
in the solid state. Under these circumstaQces, and especially 
the latter, occlusion must have occurred in the highest degree, 
as only undissociat-ed salts are occluded and not their ions.* 

The following is a brief conspectus of the more modern 
work which has been done regarding determinations of the 
atomic weights of silver, etc. : — 



Determikation of Cebtadj Atomic Weights. 



«l«,«,t. 




Ob«rv™. 


D.t.. 


SilTer . 


Synthesis of A?NO,. 


Richards and Forbci. 


1907 


Chlorina . 


,. AgCl. 


,. Weill. 


lUOfi 




Determimklion ol Br ia 


., calla. 


1890—1908 


Bromine ' 


various bromides. 


borators. 




SjnlhesisofAgBrfrornAE. 


Baxter. 


ieo6 




Convention „ inloAgCl 








Cunvenion ol Agl „ 


Ladenburg, Koethnor, 
and Aeuer, Bazl«r. 


1903-1906 


Iodine ■ 


Synthesis „ „ 


Scott. 


1903 




Vftrions ratios, e.j., Ag:I. 


Baxter. 


1906 




AgI:ABBr,ABl:AgCl,eto. 








Conrenilou of MaCi into 


Hichards and Wells. 




Sodium ■ 


BBl!uNiLa:Ag. 




" 



1 BrauDor. Abegg's " Haodhuch der anorganiBchcn Chemie," Band II., aiticis 
FitndamfiaaU AtomgmcUhtr, which omj be usefullj coniulted for farther 
inlornutiou. 



r 



THE OLDER CHEMISTRY 4: 

Detebuikation op Gbbtain Atouio WEiGHxa — continued. 



ElemoDt. 


Chler JlBtboda Empioytd. 


Otae.™«. 


D.t. 


roturiom' 
Nitrogen ' 


Ax for Bodmm. 

Abo ratios, EBr:AgBr, 
KBr:Ag,. etc. 

Largely dcnsltj delermiOB- 
lions of nitrogen and 
gaseous CO mpoands. 

«.s., Ag:AgNO*NHi01; 
Ag, KN0,:KC1, etc. 


Bichards and Staeler. 
„ UueUer. 

Rayleigh, Berthelot, 
Lednc, Guye and otherB. 

Scott, RicbardB and 
others. 


1B07 
1897—1905 
1900—1907 



The present table of atomic weights la as follows: — 
1913. 
International Atomic Weight b. 



= 16. 

Aluminium AI 271 

Antimony Sb 120-2 

Argon A 39-88 

Aiwnsic As 74-96 

, Barinm Ba 13737 

Btemnth Bi 2080 

BoroD B 110 

Bromine Br 7992 

Cadmium Cd 112-40 

Cseeinm Cb 132-81 

CaJciam Ca 40-07 

Carbon C 1200 

Cerium Ce 140-25 

Chlorine CI 3546 

Chromium Cr 52-0 

CobaU Co 68-97 

Columbimn Cb 93-5 

Copper Cu 6357 

DysproBium Dy 1625 

Erbium Br 167-7 

Europium Eu 152-0 

Fluorine F 19-0 

Gadolinium Gd 157-3 

Gallium Ga 69-9 

Germanium Ge 72-5 

Gluoinum Gl 9-1 



0=16. 

Gold Au 197-2 

Helium He 3-99 

Holmium Ho 163-5 

Hydrogen H 1-008 

Indium In 114-8 

Iodine I 126-92 

Iridium Ir 193-1 

Iron Fb 55-84 

Krypton Kr 82-92 

Lanthantmi La 139'0 

Lead Pb 207-10 

Lithium Li 6-94 

Lutecium Lu 174-0 

Magnesium Mg 24-32 

Manganese Mn 64-93 

Mercury Hg 200*6 

Molybdenum Mo 960 

Neodymium Nd 144-3 

Neon Ne 20-2 

Nickel Ni 58-68 

Niton {Radium 

emanation} ... Nit 222-4 

Nitrogen N 1401 

Osmium Oa 190-9 

Oxygen O 16-00 

Palladium Pd 106-7 
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Intern&tioh&l Ato«c Wbkihtb — continued. 



Phosphorus P 

Platinum Pt 

PotEwsium K 

Praseodymium ... Pr 

Badium Ba 

Rhodium Rh 

Rubidium Kb 

Buthenium Bu 

Samarium Sa 

Scandium Be 

Belaniam 8e 

SiliooQ Si 

Silver Ag 

Sodium Na 

Strontium Sr 

Sulphur S 

Tantalum Ta 



0=16. 

31-04 
195-3 
39-10 
1406 
226-4 
102-9 
85-45 
101-7 
150-4 
44-1 
79-2 
28-3 
107-88 
23-00 
87-63 
32-07 
181-5 



Tellurium To 

Terbium Tb 

Thallium Tl 

Thorium Th 

Thulium Tm 

Tin Sn 

Titanium Ti 

Tungsten W 

Uranium U 

Vanadium V 

Xenon Xe 

Ytterbium (Neo yt- 
terbium) Yb 

Yttrium Y 

Zino Zn 

Zirconium Zr 



^ 



0=16. 

137-5 
159-2 
204-0 
232-4 
168-5 
119-0 

48-1 
1840 
238-5 

510 
1302 



172-0 
89-0 
65-37 
90-G 



APPENDIX I. TO ATOMIC WEIGHTS. 

Clarke gives the Following formulec and explanations regarding the 
mathoniBtical part of his investigations :— 

" The formula for the probable error of an arithmetic mean, 
familiar to all physicists, is as follows : — 

(1) . = 0-6 



0-6J45 a/__? 



Hero n represeuts the number of obsorvationB or experimenta and S 
the sum of the squares of the variations of the individual results from 
the mean. 

Id combining several arithmetical means, representing several 
series, into one general mean, each receives a weight inversely pro- 
portional to the square of its probable error. Let A,B,C, etc. be such 
means, and o,6,c their probable errors respectively. Then the 
general mean is det«rrained by the formula 



(») 



i. + r. + 3 
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For the probable error of this general mean we have 
(3) 



'\/- + - + -- 



Id the calculation of atomic and molecular weights the follow- 
ing formulie are used. Taking, as before, capital lettera to represent 
known quantities, and aoiall letters tor their probable errors respec- 
tively, we have for the probable error for the sum or difference of two 
quiLDtilJeB A and B 

w 



For the product of A multiplied by B the probable error is 

(5) e = V (A6)2 + (Bay 
For the product of three quantities, A,B,C. 

(6) e = V {Wa}^ + (AC6)^ + (ABc)^ 
For a quotient — , the probable error becomes 



(I) 



.^vw 



+(.■' 



Given a proportion A : B : : C : r, the probable error of the fourth 
term is as follows :— 



'-/C^y+w+w 



This formula ia used in nearly every atomic weight calculation 
and is therefore exceptionally important. Rarely a more complicated 
cane arises in a proportion of this kind : — 

A:B::C + a!:D + a:. 

In this proportion the unknown quantity occurs in two terms. Its 
probable error is found by this eipression and is commonly large : — 



(9) '-V'j^^(B=.' + A.6-) + ' 



(A - B)' 



F 



■^^^1 
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When aevoral tDdep«ndeDt values have been calculated for au 
atomic weight, they. are treated like means and combined according to 
formulie (2) and (3). Each final result is to be regarded as the 
general or weighted mean of all trustworthy detenu in at ions. This 
method of combination is not theoretically perfect but it seema to be 
the one most available in practice." ^^M 



APPENDIX II. TO ATOMIC WEIGHTS. 

Syiioptit of some of the ekiff met/tods which have been employed for 
determining tite atomic vxigkts of certain of the eUtruntt. 

Aldmikium. — (1) Determination of chlorine in the anhydrous 
chloride as AgCI (Dumas). (2) Volume of hydrogen displaced by the 
metal from hydrochloric acid (Terrell) or from caustic soda (Mallet). 

(3) WeightofaluminaooheatingammoniaalumfMallet). (4) Deter- 
mination of bromine (by titration with silver nitrate) in the bromide 
(Mallet). 

Antimony.— (t) A variety of methods have been employed, which 
have given results from 118'024 to 131-542 (H = 1). Perhaps the 
most reliable were those obtained by the following methods : (1) Con- 
version of the element into SbjSg (Cooke). (2) Determination of 
bromine (gravi metrically as AgBr) in SbBr^ and of iodine in the 
corresponding iodide, by a similar method (Cooke), 

Arsenic. — (1) Determination of chlorine volumetricaljy in the 
chloride (Pelouze and Damas). (2) Determination of bromine in 
the bromide by a similar method (Wallace). (3) Oxidation of 
areeniouB anhydride to arsenic acid volitmetrically by potassium 
bichromate (Kesaler), (4) Conversion of ^e.ik&f).j into NaCl. by 
heating the former in gaseous HCl (Hibbs). 

Bariuh. — (1) Determination of CI in both the crystalline and in 
the anhydrous chloride by titration with silver nitrate (Pelouza 
Marignac, Diimos, Richards). (2) Percentage of water in the 
crystallised chloride (Marignac). (3) Conversion of the chloride into 
the sulphate (Turner, BeneliuB, Strove, Marignac, Richards). 

(4) Conversion of the nitrate into the sulphate (Turner). (5) Deter- 
mination of Br in the bromide both volumetrically andgravimetrically 
(Richards). 

Bertluuh. — (I) Conversion of the sulphate into BaSO, and BeO 
(by precipitation with barium salt and after removing barium from 
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the &ltnit«, precipitating the berjilium with ammonia (Avdejew, 
Weeren aud Klatzo) ). (2) ConverBion of the douhlo oxalat* of 
ammonium and beryllium into the oxide (Debray). (3) Converuon 
of the sulphate into the oiide by ignition (Nillson and Petteraon, 
Krusa and Moraht). 

BoBON. — (1) Determination of water in cryBtalliged borax 
(Berzetiue and Laurent, Hoakyns-Abrahall, Ramsay and Aston), 

(2) Determination of Br in the bromide (aa AgBr) (Hoakyns-Abrahall, 
Kamsa; and Aston). (3) Conversion of anhydrous borax into NaCI, 
b; distillation with hydrochloric acid and methyl alcohol (Ramaay 
and Aston), 

Calcidu. — (1) Ignition of calcium carbonate (Berzeliua, Erdmann 
and Marchaiid, Dumas). (2) Conversion of the oxide into the 
sulphate (Berzelius). (3) Conversion of the carbonate into the 
sulphate (Erdmann and Marchand), {4) Determination of CI in 
the anliydrouB chloride, by titration with silver nitrate (Dumas). 

Carbon. — (I) Analyses of organic silver salts by ignition (Liebig 
and fiedteubacber, Marignac, Hardin, Maumen^e), (2) Determination 
of the weight of carbonic anhydride formed by igniting carbon in 
oijgen (Erdmann aud Marchand, Dumas and Staa, and others). 

(3) Density of carbonic oxide (Leduc). (4) Conversion of oarboutc 
oxide into carbonic anhydride, by passing the former over a known 
weight of copper oxide and weighing both the resulting metallic 
copper and the carbonic anhydride (Staa). 

Cobalt asd Nickbl. — The atomic weights of these are of special 
intereat, as they are almost identical. No less then 16 ratios have 
worked ont for cobalt, and 15 for nickel. The chief methods which 
have been employed may be summarised thus : — 

(1) Analyses of oxalates. 

(2) „ „ nickelo-cyanidea and cobalti -cyanides. 

(3) „ „ sulphates. 

(4) „ „ chlorides. 

(5) „ „ iodides. 

(6) Reduction of oxide (nickel only). 

(7) Volume of hydrogen from the metals. 

(8) Weight of gold precipitated from a solution of sodio-aurio 
chloride by the metals. 

(9) Separation of the metal from nickel carbonyl, 

CorPBR. — (1) Reduction of copper oiide by hydrogen {Beraelius, 
Erdmann and Marchand, MUlonand Commaille). (2) Determination 
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of both the water and copper (electrolytically) in oryataUisad 
copper Bulphate (Ricbards and othere). {3) Determination of 
copper (electrolytically) and bromine {gravi metrically) as AgBr. 
(4) Electro-cbemtcal equiraleut of the metal (Lord Hayleigb, Mrs. 
Sidgwick, Gray, Shaw, Vanni). 

FLtiORiHB. — Chiefly one general method, namely the convereion of 
fluorides and especially fluor spar into sulphate {Berzelius, Louyet, 
MoiBsaa). 

Gold. — Chiefly by determining the metal in various compounds, 
such as KjAuClf. N(CH,),HAiiCl4, KAuBr, (BerBelius, Kriiss, Thorpe 
and Laurie, Mallet). 

Iron.— (1) Oxidation of the metal to Fe^O, (Beiielius, Svauberg 
and Norlin, Maumen6e). (2) Reduction of the same oxide to the 
metal (Svanberg and Norlin, Erdmauu and Marchand, Kivot). 

Lbad. — (1) Reduction of lead oxide in hydrogen (Benseliua). 

(2) Synthesis of the sulphate from the metal (Berzelius, Turner, 
Slaa). (3) Synthesis of the nitrate from the metal (Staa). 
Synthesis of the chloride from the metal, combined with determiiia- 
tions of chlorine in the chloride (Marignac), 

Maqnehiuu. — (1) Estimation of SO^ in the anhydrous sulphate. 
(Scheerer). (2) Estimation of MgO in the same salt by ignition 
(Jacquelin). (3) Ignition of the carbonate (Marchaud aud Soheerer). 
(4) DoterminatioQ of CI in auLydrouH magnesium chloride (by titration 
with silver nitrate) (Dumas). (5) Synthesis of the oxide (through 
the nitrate) from tlie metal (Burton and Vorce), 

Manoambbe, — (1) Determiuatiou of CI in the anhydrous chloride 
by titration with silver nitrate {BerBelius, Arfedson, Turner, 
Dumas). (2) Reduction of the anhydrous sulphate to sulphide 
by ignition in a stream of hjdrogeu (von Hauer, Weeren). 

(3) Reduction of MnjO, to MnO by heating in hydrogen and deter- 
mining the water formed (Rawack). (4) Combustion of manganous 
oxalate with copper oxide and weighing the carbolic anhydride 
formed (Schneider), (5) Analyses of silver permanganate (Dewar 
and Scott). (6) Conversion of mauganoua oxide into sulphate 
(Marignac, Weeren). 

Mercurt. — (1) Weight of the metal on heating mercuric oxide 
{Turner, Erdmann and Marcband, Hardin). (2) Ditto on heating 
mercuric sulphide with copper (Erdmann and Marchand). (3) Ditto 
from mercuric chloride on heating with lime (Turner, Millou, 
Svanberg, Hardin). (4) Eleotrolytio separation of the metal from 
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various Baits, with aud without aeparatioii of 
circuit (Hardio). 

PaospBOROue. — (1) Weight of phosphoric anhydride on burning 
the element in oxygen (Schriitter). (2) Decomposition of the 
chloride (tri) by water and titrating the resulting HCl with silver 
nitrate (Dumas). (3) Weight of silver reduced from a solution ot 
the nitrate by u definite weight of the (vitreous) element (van der 
Ploatfi). (4) Analysis of stiver phosphate. 

Sblsniuu. — {1) Reduction of eelenious anhydride and selenites to 
the element (Sacc). (2) Conversion of theeleraent into the tetra- 
chloride aud weighing both {Berzeliua, Dumas). (3) Weight of 
silver obtaiued on igniting silver selenite (Ekman and Pettersson). 

SjuoOM. — (1) Decomposition of the anhydrous chloride by water 
and titration of the resulting HCl by silver nitrate (Pelouze, 
Dumae). (2) Decomposition of the anhydrous bromide by water and 
determination of the reavilting SiO, (Thorpe and Young). 

SuiiPHUK, — (I) Synthesis of silver sulphide from a known weight 
of silver (Dumas, Stas, Cooke). (2) Keductiou of silver sulphate 
by heating in hydrogen (Struve, Stas). (3) Conversion of a known 
weight ot silver chloride into the sulphide by heating the former in 
sulphuretted hydrogen (Berzelius). (4) Conversion of a known 
weight of sodium carbonate into sulphate {Eichards). 

Tbllurit;!!.— The atomic weight of this element ia of special 
interest, on account of its relation to that of iodine aud the positions 
of these two elements in the periodic system. According to the 
latt«r, tellurium should lie between antimony and iodine and have 
an atomic weight less than 126. "Theoretically, Mende]6ef 
assigns it a value Te = 125, but all the best determinations lead to 
a mean number higher than is admissible under the currently 
accepted hypotheses. Whether theory or experiment ia at fault, 
remans to be discovered." ^ 

(1) Conversion of the element into TeO, (by nitrio acid). 
(2) Determination of the Br {as AgBr) in the well crystallised 
double salt K,Brj (van Hauer, Wills). (3) Determination of the Br 
(volumotrioully with silver nitrate) in TeBr, (Brauuer). (i) Volu- 
metric oxidation of an alkaline solution of TeO, by potassium 
permanganate (Gooch and Howland). Keduction of HjTeOg to 

> Clarke: "The Constanta oi Nature," (luo. cU.) from which Uiii •ynopsis 
hu been compiled. 
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TeO, by heating alone and to Te by heating in a stream of hydrogen 
(Staudenmeyer). 

Vanadium. — (1) Reduction of VjOg to VjOj (Berzelius, Czud- 
nowicz, Bosooe). (2) Determination of CI in VOCIs both volu- 
metrically and grayimetrically (Boscoe). 

ZiNO.— (1) Conversion of the metal into the oxide, either through 
the nitrate or sulphate (Jacquelain, Axel Erdmann, Morse and 
Burton). (2) From the volume of hydrogen obtained on dissolving 
the metal in an acid (Van der Plaats, Reynolds and Ramsay, 
Mallet). (3) Solution of the metal in a voltameter, and the same 
current used to precipitate silver or copper (Gladstone and Hibbert). 
(4) Precipitation of the Br in the anhydrous bromide by silver 
nitrate (gravimetrically) (Richards and Rogers). 



CHAPTER in 



THE Orj)EE CHEMISTHT 

THE PERIODIC LAW — PABT I. 

Early in the nineteenth century, Prout suggested that all 
atomic weights were multiples by whole numbers of H = 1, 
But this was disproved by the work of several chemists on 
the atomic weight of chlorine, which was found to lie between 
35 and 36. Subsequently the idea was modified by taking 
one half and then one quarter of the atomic weight of 
hydrogen as unit. 

The chief interest of " Prout's hypothesis," as it haa been 
called, Ib its association with the probable nature and origin 
of the chemical elements. 

" On the one hanH, each of the elementary bodies may ropreaout 
a, separate creatiou, iudeptsiideut of all the rest aud haviug nothiug 
in common with them. On the other, supposing a relation can be 
traced between the masses of tlie atoma of the different elements, 
then it is open to inquiry whether tliey may not have a oommon 
origin ; whether tbey may not represent several Btages in a formative 
or evolutionary process operating upon a primitive simple material, 
and whether in that case it may not be possible to transform one 
into another by the operation of agencies within the range of 
practical experiment." ' 

It was pointed out by Dobereiner in 1829 (although the 
idea was not entirely new) that in several families of allied 
elements three members are closely related. Thus : — 
Ga Sr Ba 
CI Br I 
8 Se Te 

Li Na K 
"A Short Hiaturj ut ibe Fi'ogrcMof SuieutiSc Cliecaiatry." 
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the atomic weight of the middle term of each being very 
nearly the arithmetical mean of the atomic weights ot the 
other two. We have in point of fact with the modem 
data :— 

Troe At, W1 



2 2 -^'-'^ 


87-68 


01 + I _ 36-46 + 126-92 „, ,„ 
2 2 -^"' 


79-92 


S + T» _ B2-01 + 127-5 „„.„„ 
- 2 2 '^ '^ 


79-2 


"■'?"- ™t '™- 23-02 


23-00 



I 



Sr = 
Bt = 
Be = 



And DumaB, in 1858, compared these so-called " Dobereiner'a 
triads " with homologous series, f^. : — 



OH, ^ 



. H + C,H. _ 1 + 2 



_CHj+Cai,_ 16+43 _ ^ 



He also pointed out relations of the kind shown below :- 



F = 19 


N - 14 


F -N =6 


01 = 35-5 = F + 16-5 


P = 31 = N + 17 


01 - P =4 


Br = 80 = CI + 44-5 


As = 75 = P +44 


Br - As - 6 


I =127 = Br + 47 


Sb = 122 - A. + 47 


I -Sb = 5 



Newlands,' iu 1864, enunciated the " Law of Octaves," 
namely, that by arranging the elements in the order of the 
magnitude of tbeir atomic weights, " the eighth element, 
Btarting from a given one, was a sort of repetition of the 
firBt, or that elements belonging to the same group stood to 
each other in a relation similar to that between the extremes 
of one or more octaves in music." 

In the same year be presented a table, " giving a horizontal 

urangement of the more important elements, also in the 

' John A. R, Newlondi : " Tbe Periodic Law," 1881, 
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order of atomic weight with blankB corresponding with some 
of the missing members of the various groups," and in 1866 
he presented the following table : — 



Kd. 


K. 


So. 


No. 


No. 


Su. 


No. 


No. 


H 1 


F 8 


CI IB 


CotNi22 


Br 29 


?dm 


I 


43 


PttlrBO 


Li 2 


Nb 


K 16 


Cn 


n 


Rb ao 




Cs 


44 


08 ei 






Ca 17 


/.n 


■Hi 


Sr 81 


CdSH 


Bfl&V 45 






Al 11 


Cr 19 


V 


•en 


CekhaiS 


U 40 


Ta 


4« 


11 63 






Ti IN 


In 


fn 


7.1 32 


Sn.3» 


W 


47 


1-b 64 


N B 


r i3 


Uli 20 




7.1 


Di&Mo34 


fhii 


Nb 




t)i 6E 


7 


8 H 


re 21 


.so 


as 


Ro&llu3.S 


Te43 


Au 


4U 


Th 56 



Pasaing over papers by Odling,' and a revision of atomic 
weights which had gradually occurred, we come to 1869 
when Mendel6ef,' in a paper to the Russian Chemical Society, 
arranged the elements in a tabular form as follows : — 

MENDKLfiEF's TaBLE OF THE ElBUEKTS, 1869. 



■ 






Ti = 60 


Zr = 90 


? =180 


^M 






V = 61 


Nb = 94 


Ta = 182 


Be 






Cr = 52 


Mo = 96 


W =186 


^^ 






Hn = 55 


Rii = 104-4 


PI = 197-4 








Fe = 56 


Eu = I04'4 


Ir =198 






Ni = 


Co = 59 


Pd = 106 6 


Os = 199 


H- 1 






Ou = 634 


Ao = 108 


ng = 200 




B«= 9-4 


Mg = 24 


Zn = 65-2 


Cd = 112 






B =11 


Al .27-4 


? = 68 


Ur = 116 


Au =197? 




C =12 


Si =28 


? = 70 


Sq = 118 






N =14 


P =81 


As = 75 


Sb = 122 


Bi = 210 




0-16 


8 =32 


Se = 79'4 


Te =128? 






F .19 


01 =36-6 


Br = 80 


I = 127 




Li =7 


No. 23 


K .39 


Sb - 854 


0> = 133 


TI = 204 






C» =40 


Sr = 87-6 


Ba = 137 


Pb = 207 






? =45 


Ca = 92 










? Er = 56 


La = 94 










? Yl - 60 


Di = 95 










!In =756 


Th =118? 







'■ Zeitschr L Cliemie," 1869. p. 40o. 
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In thia paper he pointed out that the discovery of new 
elements might be predicted as well aa their properties and 
that certain atomic weights might be corrected. 

In the same year, Lothnr Meyer contributed an important 
paper on the same subject ^ in which the principle of 
periodicity was vindicated in a remarkable manner by the 
relations of the atomic volumes of the elements to their 
atomic weights. This table, or rather its present form, will 
be given presently. 

In 1871 Mendel^ef^ again returned to the subject and 
presented a new table as shown on p. 52. 

The present form of the table as it now appears in some of 
the text-books is shown on p. 54,^ 

Wft may now examine the law in detail. 

The fundamental statement made by Mendel^f was as 
follows : — 

" First the properties of the elements become modified as 
their atomic weights increase, then they repeat themselves in 
a new period. The properties of the elements, the constitu- 
tion of their compounds, as well as the properties of these 
last, are periodic functions of the atomic weights." 

In illustration of this statement, let us examine the 
elements of the tirst period, which commences with lithium 
and, like others of the so-called " short periods," owing to the 
discovery of the inert elements, consists of eight and not of 
seven elements. 

The properties of these elements and of some of tbetr chief 
compounds are given in tabular form on p- 55, as well as 
certain numerical relationships. 

The period commences with the well-marked and strongly 
electro-positive metal, lithium, and nest comes beryllium, 

' Liebig'B "Aoiialen,-' Supplamenta VI. and VII., 1870, p. 354. 
» Ibid., Supplement VIll., 1872, p. 133. 

* Tbis table is takeu from Caven and Landei's " ijptematlc iDDrgaiiic 
CbemiMrj." 1906. 
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also a metal. Boron may be called a transitional element, 
for its oxide behaves as an acid towards bases like potash and 
Boda bat as a base towards certain acids, e.g., phosphoric acid. 
Carbon also, though to a less extent, may be regarded as a 
transitional element, for while in its compounds it behavea 
as a distinct non-metal, in the free state, as graphite, it 
conducts electricity, a property characteristic of the metals as 
a class. Nitrogen, oiygen and flaorine are well marked 
non-metals. 

Regarding the valences of the elements of this period, they 
increase from the monovalent lithium to the pentavalent 
nitrogen, hut afterwards tall off: thus oxygen is dyad, perhaps 
in the majority of its compounds, but tetrad in "oxonium" 
compounds, and fluorine is a monad. As might be expected, 
the hydroxides of the metals of this period are bases, while 
those of the non-metals, carbon and nitrogen, are acids. That 
of boron is, as we have seen, both acid and base. 

The next elements in the order of their atomic weights, 
repeat to a very considerable extent the properties of those of 
the first period. See p. 57. 

The only remarks which seem necessary are, first, as 
regards valency. The increase up to the pentavalent 
phosphorus is regular, the latter, like nitrogen, often behaving 
as a triad. Sulphur in sulphuretted hydrogen is dyad, i 
sulphine compounds, e.j., (CHa)9SCI, tetrad, and possibly i 
sulphuric anhydride, hexad. Chlorine in hydrochloric acid is 
monovalent, but in perchloric anhydride (which can be 
obtained) it ia heptad. It is possible, therefore, that in this 
series, or period, the valency steadily increases up to chlorine, 
fiut from another point of view, it falls from silicon to chlorine 
(e.H., in the hydrides). 

Secondly, regarding the hydroxides. Up to orthosilicio 
acid the hydroxides are compounds of the elements with 
hydroiyl, but from phosphorus to chlorine all are compoimda 
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of oxides with hydroxyl, the hydroxjl groups diminiehing la 
number while the uumber of oxygen atoms attached to the 
elements increases. 

These two periods are in some waya unique, aa the 
simplicity of the arrangement when they are left diaappears 
and complications are then introduced. 

Mendeleef called them "Typical Elemeats"' and compared 
them with the first members of on homologous series of 
organic compounds. 

We now come to an arrangement of the remaining elements 
in a somewhat zig-zag form — the so-called " long periods," in 
which the members of alternate series (A and B) more closely 
resemble each other than do those of consecutive series, e.g., K 
and Rb as against E and Gu (see tables on pp. 52, 54). 

This is perhaps better indicated by spreading the remainder 
of the table out, see p. 58. 

Numerical rflationships among the atomic weigkU, — We 
have in the horizontal rows (periods) as regards the typical 
elements : — 



(1) Li - Ne = 

(2) Na — Ar = 23-00 to 8988 = 16-88 = 2-41. 
iBtLongP.— Kr — K = 39-l to 82-9 =43-8 =2-58.^' 

2nd Long P.— Rb — Xe = 85-45 to 130-2 = 44*75 = 2-63." 
While in the vertical columns (groups) the relations are: — 
(2) Na Mg Al Si P S CI Ar 
(l)Li Gl B C N P Ne 
16 15 16 16 17 16 16 19-6 



Dif. in round | 
numbers 



< Ot CDune. the tn«it elemeiitB h&d not been discovered at that time. 

> Tberc should be eigbtcen elemcnte in this long period, bul in point ol fact 
(here are only neventcen. The mean is calculated on the former number ; also 
Diobiom ii included in the clemcata between Xe aud Rb, although it ia not 
now on the intemational atomic weight tAble, but appears a» colnmbium. 
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a complication occurs in relation to the difFerences in the 
atomic weights (vertical) of the long periods. 
With the arrangement 

Co 



K C» So Ti V 
Na Mg AI^ K P^ 
16 16 17 20 ») 



Or Hn 
S 01 



Fe Ni 
At 



™ 



D 18 (mean) 

these differences are in rougb agreement with thoee of 
two typical periods, but several of the elements are out of 
their proper position which should be: — 

E Cs Sc Ti As Se £r Er JM 

Na Mg Al Si^ ^ ^ _CL 4£ ^H 

16 16' 17 20 44 47 44-5 43 ^H 

This example illustrates the anomalous position of the 
typical elements in certain respects, and it may here be 
remarked that the differences in atomic weights of correspond- 
ing members of the long periods varies between 42^50, the 
average difference in the first two being about 45. 

The table on p. 58 shows the long periods and the differences 
between corresponding members, as well as the calculated 
differences in cases where one of the corresponding members 
is missing. 

This table does not include the rare earth metals nor niton. 
It indicates gaps for 38 undiscovered elements, now reduced 
to 37 by the placing of niton in the space next but one below 
xenon, as is better seen in the table on p. 62. If uranium 
finishes the list the number of missing elements is only 25, 
niton being in the position mentioned. 

If manganese is removed to the eighth group,^ those numbers 
are reduced by 3; but if the eighth group then contains 4 
elements in each period, the total number of elements remain- 
ing to be discovered remains as before. 

General reinarkt. — Mendel6ef recognised that an eighth 
' See pp. SS and G9. 
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group was neceBsary, in order to embrace within the periodic 

system three groups of metals the members of each set ot 

which have very similar atomic weights. These are : — 

Fe= 55-8. Ni= 58-7. Co = 59'0. 

Eu = 101-7. Eh = lOSfl. Pd = 106-7. 

Ob = 190-9. Ir = 193-1. Pt = 195-2. 

It may be remarked that the atomic weight of manganese 
is 65 (54-93), which more closely approximates that of iron 
than do either those of nickel or cobalt. Moreover, the com- 
pounds of manganese resemble those ot iron in many im- 
portant features, and it will be seen that the position of 
manganese in the periodic system is practically unique from 
any point of view. 

The question may therefore be asked, would it not be 
advisable to remove it to the eighth group ? This would no 
doubt disturb the symmetry ot that group ' as it now stands, 
but, on the other hand, it is conceivable that two new metals' 
remain to be discovered related to ruthenium and osmium 
respectively, as manganese is to iron. 

A certain number of elements, namely those of the so-called 
rare earths, fail to find places in the above arrangement, and 
they will be spoken of later. They have a wide range of 
atomic weights — from about 140 to 176 — and therefore come 
between cerium (140'25) and tantalum (181*6), but their 



I, nickel Rnd cobalt ; silver to ruthenium, rodium and palladia] 

gaid U> Mmiam, iridium nnd plstiQum. Tbe same three metals, vIk.. copper, 
Bilverand gold, were also placed by blm iu tbe GtsC group, so tbnt they occupied 
two Kparate positions in tlic table. 

> Tbe diacoverj of a new element, probably of the platinum group occnrring 
in the dyke rockg ja tbe Ndeoa district o( BritUb Columbia, was announced In 
1911 by A. O. French, and was called by him caaadium. From bis description 
It appears lo be a white metal, soft, and easily melted in tbe flame of tbe blow- 
pipe 1 not readily oxidised, soluble in nitric and hydrochloric acid, also in aquu 
regia, without residue, and its solution in nitric acid yields no precipitate with 
■odiDin chloride. It is found in the metallic coudition possibly alloyed witb 
osmium. It occurs in seal -crystal line grains and In snort rods, and would 
appear to l;c abuodaat, amounting to from a few peonyweigbU to 3 ounce* per 
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properties, largely it not entirely, negative their being placed 
in the blank spaces between these two elements. 

Lastly, in connection with this branch of the subject, the 
following table may be given, in which the inter-relationahips 
of the long periods, the typical elements, as well as of 
hydrogen and helium to the other elements are given : — 

Hydeogbn, Helium. Typical elemektb amd Loko Pbriods, 

E He 

Li Be B G N F Na 

Na Mg AI Si P e CI At 

K Ca Be Ti T Cr Hn Fc Ni Co Ca Zo Gb Gc Ai Be Br Kt 

Eb 8r Yt Zr Kb Mo — Rn Eh Pd Ag Cd In Ha 6b Te I So 

UBftLaCe — — — ___________ 

_ _ _ _ T« W — Oi Ir Pt An Dg Tl Fb Bi — — Nit 

— Bn — Th ~ U — 

We may now consider Lothar Meyer's arrangement, which 
presents the periodic system in a totally different form, but in 
one which is equally interesting and important. 

It is based on the volumes occupied by atomic weights of 
the elements (ordinates) plotted against the atomic weights 
themselveB (abacissie). 

The following relationahipe may be recalled in connection 
with the table : — 

D = Density (mass of unit volume). 

jr = Specific volume (volume of unit mass). 

—^ — = Atomic volume ' (volume of the atomic weight or 
relative volume of the atom). 

Regarding the two tables which follow, the first is as far as 
possible a reduced facsimile of the curves constructed by Lothar 
Meyer and published in the Annalen in 1870. 

The second has been constructed by the author from data 
given in the Appendix to this chapter. 

■ It nhould be mentioDecl tbat ja order to (Compare atomk toIutdcb in H 
absoiule a manner as pussible, deEiaiti(.'B ehould be delermincd under k 

corn;! i Liana, best tit boiling points, but obvioiifil^ this is ' 

nunj element!. 
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Whenever possible, the valueB for the solid element have 
been aeed, but in other cases (as far as possible) the atomio 
Tolume of the liqoid element at its boiling point has been 
taken.1 

It will be seen that there are important points of difference 
between Lothar Meyer's original curve and the new one which 
the aathor has plotted. 

This was of coarse to be expected to a certain extent, for at 
the time when Lothar Meyer conGtrticted his curve, the inert 
elements had not been discovered, the atomic weight of uranium 
was considered by him to be 180 (H = 1), whereas it is now 
fixed at 238'5 (0 = 16), and gases such as hydrogen, oxygen 
and nitrogen had cot been liquefied, bo that their trae atomio 
volumes could not be ascertained. 

But there are certain anomalies in the new curve to whioh 



' It •hoold be menlioncd that mi eatly as I860 Lothar Meyar drew ap a table 
containing mosC of the elements arronged nncorcling to their TaUnces and with 
the newer atomic weighl-n, which had bj that time been introduced, and to qnot« 
bii own wordi : — 

"At theaame time there was shown n r^ilar and coatiouons change in the 
valeno; of the elements from family to family, when the families are arranged 
in theorder of the atomic weights of their members. I . . . also draw attention 
to the fact that Ihe lirst differences ri-.^., C — Bi] with the exception in the 
case of beryllium, the atomic weight ot which was still uncertain, were approxl- 
malely 16, the two (DlIoTrlng differences [e.g.. As — Sb] approximated to 
<6, and the last were rery nearly double IhiH number, namely 87—90 [e.j., 
Sb - Bi]." 

It is always difficult to decide questions of priority a« it so frequently h appeal 
that very similar ideas pr«ent thamselrea (as ind^d would appear nataral in 
the e<rolntion of any aubjcct) practically simultaneoasly to levcnil different 
investigators, and no doubt such was the case with Newlands, Mcndel^f and 
Lothar Meyer as regards the periodic law. 

And in tbis connection, while the complete curve of Htomic^ volumes appears 
to have been Brat drawn up and published by Lothar Meyer, Mendetfief tells us 
that at the Moscow Congress of Russian Naturalists in 1869, he "dwelt upon 
the ratations which eiisUd between diinsitj and atomic weights of the elements. 
The following year Professor Lothar Meyer, in his well-known paper, studied 
the same subject more iu detail, and thus contributed to spread information 
abODt the periodic law." 

Headel6e(, In the same paper, also drew attention to the services of Camelly, 
I^urie, Roberta Ansteo and others in bringing other properties of the elements. 
■nch aa those connected with their magnetic qualities, melting points, heats of 
tonnation of tbeir haloid derivatives, etc.. within thednmainof the periodic 
law. (3«e the Faraday lecture by Mcndel&f in 1S89, Chem. Sue. Jourit. for 
' ' p. 631 — 666; also the Lothar Meyer memorial lecture by Bedson 

row*. foTthatysBT, pp. 1(03— 1139.) 
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attention should be drawn : thus, whereas (as will be seen on 
comparing the old with the new curve) the former consists of 
fivt distinct waves,' gradually increasing in height with 
increasing atomic weight, and having alkali metals at theit 
summits in every case, in the latter, there are i\x distinct 
waves, and indications at least of a seventh," and the first two 
of these are quite anomalous, as helium and nitrogen are 
found at their summits, while lithium no longer occupies that 
position. 

But apart from these {and possibly other) anomalies, both 
sets of curves convey the broad lesson that atomic volumes 
are to a large extent functions of atomic weights : the position 
of an element on the curve being closely related to both its 
physical and chemical properties. 

The alkali metals (with the exception of lithium) occupy the 
crests of at least four waves; also, broadly speaking, electro- 
negative elements are found on the left (or ascending) parts of 

• It U trne, however, that indioatioDg of the commeQcement of a 6iith wave . 
are aliQwn in Lothar Mejer's cnrre. 

> Does this point to tlie exieteace of aoother nietsl of the alkaltee of atomic 
weight 222—226, i.e., betwceu uitou and radium? IE so, it would almMt 
certainly be radio-Bctive and very possibly a " transient " element. 

Tbeie are reaEons for and ngaliist this pouibility. On tlie attitmntiTe i)de are 
the facta Ihat niton and radium occiii); macb the aame relative poaitiona on 
the hypothetical wave hs do argiin and calciam, krjpton and atruntium, as well 
aa xenon and barium on the actnal waves — at the aummlta of A-bich are the 
alkaline metaU potaaaium, ruhidiuui and cieslam respectively. 

On the negative aide (pauibl?) are the following diScrencea in atomic 
weights : — 

Ar - Ca = 0-19. 
Kr - Sr = i'73. 
Xe - Ba = 7']7. 
Nit - ria = 1-00. 

and also the tact that radium gives oririn to niton by a single act or change 
(see chapters VII. and VII 1.}. It may also be mentioned that saltsof potaaslum 
and rubidium possesa slight though dlatlnct radio-activity (emitting weak 
rays), and it haa bt^n slated that the nctivitj of the former varies widely with 
the sniirce of the salt. On the other hand, salts of the other metals of the 
alkaline group are not radio-active. 

These (acts may possibly point to the presence (in Datassium and rubidinm 
salts) at a new metal of the alkalies, and, therefore, also may perhaps be used 
as au arfcument on the afflmuiiive side of the question under disoussion, as 
again the fact that if the tabic on p. 62 is cousulted two metals ate missing in 
the alkaline series. 



the waves, while those of an electro-positive character occur 
on the right (or descending) parts. 

The position of the inert elements is interesting, as coming 

between the strongly electro-negative halogens and the equally 

strongly electro-poaitive metals of the alkalies — juBt as they do 

ID respect of atomic weights, but {as before pointed out) argon 

' ia anomalous in that respect in relation to potassium. 

While the metali of the alkalies occupy (be summits or 
crests of the waves, other metals are, as a rule, found in their 
hollows, and in the case of three of the latter, the metals are 
those of the eighth group; aluminum, in both the newer and 
older curve, is found at tbe base of another wave, but 
this arrangement (i.e., of metals at the bases of the waves) 
ceases with elements of lower atomic weight, aa boron 
forms tbe base of the first wave in both the older and newer 
carve, while in the latter, oxygen forms the base of the second 
wave. 

It is interesting to notice that certain elements of very 
similar atomic volumes have often very different properties, 
e.g., CI and Ca, Er and Sr, Xe and Ba, Te and Ce, etc.. 

Atomic Volume of Oxtigen in oxiden. — This may be calculated 
thus: — 

Molecular volume of oxide ?iiini(s volume of atoms other 
thsD oxygen in the oxide equals atomic volume of oxygen 
or of n atoms of oxygen if more than one is present. As 
examples : — 

(1) Molecular volume of NaaO = 23-7. Na {At. voI) = 23-6. 

Therefore 23-7 - 2{23-6) = — 23-5. At. vol of in NaaO. 

(2) Molecular volume of AlA = 25-3. Al (At. vol) = 10-1. 

Therefore ^53 -^2(101) ^ _ ^.^ ^^ ^^j ^j ^ in AUOg. 

(3) Molecular volume of 803=40-5. S (At. vol)=15-4. 

Therefore ^^'^ ~ ^^'^ = + 8-4. At. vol of in aOg. 
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And generally it would appear that the atomic volume of 
oxygen in ; — ^h 

(1) Strongly basic oxides is riFgativc. ^^M 

(2) Oxides of the transitional elements is nearly zero. ^^M 
(8) Strongly acid oxides is poaitii;e. 

Mendeleef gives the following for the oxides of two 
short periods : — 



Na^O 
MgiOi 
A1,0, 
Si,0. 
P.0,.. 
SiOi.. 



2-6 24 



40 26 + 1-3 

2-66 46 + 6-2 

2-39 69 + 6-2 

1'96 82 + 8-7 



35 



K,0 

Ca,0, ... 315 36 

Sc,0, ... S'86 35 

TiiOi ... 4-2 38 



65 



+ 6 



v,o,... 

Cr,Ot 



S-49 62 + 6-7 
2-74 73 + 9-5 



In which ; — 
9 = Density. 
V = Specific volume. 
A := Difference between volume of the oxygen compound 
and that of the parent element divided by the 
number of oxygen atoms in the compound. 

" A thns representing the average increase of volume for 
each atom of oxygen contained in the salt forming oxide." 
Meltiiiif points vary periodically, e.g. : — 

(1) Elements at, or immediately preceding, minima in atomic 
volume have high melting points, thus B,C,Si. Also group 8 
(long periods). Ti, Mo, Gr., etc. (It will be seen that in the 
new curve oxygen is anomalous in this respect.} 

(2) Those following minima on ascending curve have low 
melting points. Thus P, S, CI ; Ga, As, Br ; Cd, Sn, I, Hg, 
Tl, Pb, etc. 

In general only those elements are readily fusible and 

■ FMkdBj I«cCDre, Clwit. Soc. Jntn. 1890, pp. 631— SSS. 
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volatile, the aComic volumee of which are greater than those of 
the elements immediately preceding them in atomic weight 
or on the ascending parts of the curve. 

Richards' in his address to the Chemical Society in 19U, 
drew attention to the possibility of atoms being compresBible, 
an idea which, as he remarks, though not neceasarily 
dependent on the belief that atoms are built up of much 
smaller particles, is strictly consistent with it. 

He then described a special form of apparatus which he had 
devised tor ascertaining the compressibility of elementary 
aubstances and the results which he obtained with it in a 
certain number of cases. He showed that these closely 
followed Lothar Meyer's curves of atomic volumes and said : — 

" The parallelism cannot but suggest that atomic volume 
and compressibility are fundamentally connected : and indeed 
the theory of compressible atoms gives a plausible eiplanatiort 
of the connection. We should aspect the large atomic volumes 
to be more compressible, because we might infer from their 
bulk that they are not under as great pressures as the small 
volumes, and material under slight pressure is likely to be 
more compressible. 

" Moreover, the bulky and easily compressible elements are 
in most cases more easily melted and volatilised than those 
possessing small volume and slight compressibility. That is 
just what we might expect : all these properties combine to 
indicate that the bulky elements have less cohesion than the 
compact ones." 

Richards, in the same paper, shows that on plotting the heats 
of formation of certain compounds of the elements, such as the 
chlorides and oxides, against the atomic weights of the same 
elements, interesting relationships are apparent. In doing 
this, the beat of formation is taken as the gram equivalent of 

1 " The FimriaroeQUl rropertio of the Elements " (Faraday Lecture, Chem. 
Sue. Joycrn. 1911. pp. 1201—1218). 
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salts, condacUvitj for heat and electricity, etc, also appear to 
be related to atomic volumes. 

To sum ap, as regards the periodic law as presented hy 
Mendeleef. 

The elements are arranged in tabular form in horizontal 
rows, each horizontal row constitating a " period " in 
which, with increasing atomic weight, the properties of the 
eleinentB l^ecome modified — those with low atomic weights 
being (broadly speaking) metallic in properties, while those of 
higher atomic weights are of non-metallic character. 
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lo a new period we have to a large extent a repetition of the 
preceding one, and therefore analogous elemeatB appear in the 
same vertical columns or " groups." 

The first two periods are of a special nature, and the elements 
in them are spoken of as " typical." After these, the members 
of the alternate periods more closely resemble each other than 
do those of the consecutive periods. 

If spread out, the elements in two of the latter amount 
to eighteen. 

One ot the features of this arrangement is the somewhat 
remarkable fact that three series (each of three elements) are 
grouped together in the eighth group. Another feature is 
that this arrangement is not symmetrical, as seven elements 
precede this group, while eight follow. 

If, however, the inert elements are placed at the commence- 
ment of the groups, in accordance with the order of valences 
(as ia done in the table in Caven and Landor's book), and 
manganese is added to the eighth group, the table becomes 
symmetrical ; thus with the first long period :~ 



Ar K Cft Sc Ti V Cr 



Mn, Fe, Ni, Co Cu Zn Ga Oc 



Regarding the groups, even if the arrangement ot long 
periods is adopted, the basigenic properties of the elements 
increase with atomic weight. (Compare Be with Ba, C with 
Th, N with Bi, with Te, etc.) 

While as regards the periods, it the short arrangement ia 
adopted, both the valency and acidic properties increase, as 
before stated, with rising atomic weights ; while with the 
long period arrangement there is a waxing up to the seventh 
term in both respects, and after the eighth group is passed, 
this may be said to be again repeated. 



In addition to the analogies found among elements of the 
same groups, others often of an equally striking kind are 
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Bometimee found among tboBe of neighbouring groops in the 
same or following period, or in other words, elements of 
different valences often closely resemble each other. A few 
cases of the kind ma; be examined. 

BeryUium and Aluminum (Groups II. and III., Table, p. 54). 
— Both elements occur together (Beryl and Cbrysoberyl). 
Both are silver-white and light metals, not very easily reduced 
£rom their compounds and of medium melting points. 

Both are soluble in hydrochloric and sulphuric acid, also in 
alkalies, but are scarcely soluble in nitric acid. 

Each forms a soluble deliquescent chloride, and each a 
gelatinous hydroxide soluble in alkalies.^ 

Each forms a single oxide which, when dry, is a white 
powder. Both metala readily form basic salts. 

Boron and Silicon (Groups III. and IV.). — Both of these 
elements are hard to reduce and fuse only at high tempera- 
tnres. 

Both occur in nature as oxides, either alone or combined 
with those of metals, and these oxides when obtained arti- 
ficially are, when dry, white and amorphous. 

Their compounds with hydrogen are gases which show 
neither basic nor acidic properties. 

Their hydroxides are (at ordinary temperatures) only faintly 
acidic and readily lose water. 

Each forms a single chloride which is a volatile fuming 
liquid and at once decomposed by water into hydrochloric acid 
and the hydrate. 

Their fluorides are gases which also yield the bydroxidea on 
contact with water together with acids, namely : — 

HF, BFa = HBF4. 
2HF, SiF, = HaSiFe. 



1 BerjUium hydroxide is bIbo soluble !□ 
alnmlnum hydroiide lb iugoluble, propertiei which 
sepftMtiDg the two from each other. 
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I Allotropic modifioationa 
Molecule 
Atomic volume at boiling point 
„ beat 
Tendency to osidiae (at relative!} 
low temperatures) 
When ignited {in oxyg#n) 
Hydride (chief) 
Affinity for halogens 
Organic 00 mpounds 
Oxidation of organic compound 
(iwot) ."^ .. 
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Phosphorus and Sulphur (Groups V. and VI.). — The remark- 
to by Crum-Brown and Letts,^ who also pointed out that in 
many respecta sulphur more closely resembles phosphorus 

will be seen from the Table on p. 71. 

Tkallmm and Lead {Groups III. and IV.).— Both metals are 
easily reduced and resemble each other very closely in physical 
properties, such as colour, softness, relatively low melting-point, 
etc. In chemical properties, many of the thallous compounds 
resemble those of lead ; thus the chlorides of lx)th are colourless, 
sparingly soluble in cold water, but much more soluble in boil- 
ing water, from which they separate in the crystalline form on 
cooling. The iodides of both are yellow and sparingly soluble. 

Doubtful Atomic IVdgkts and the Periodic Law.— As each 
element has a definite place in the periodic system, it is justi- 
fiable in certain eases to assign a particular atomic weight to 
an element, from considerations based on the law which would 
be doubtful otherwise, and in this way certain atomic weights 
have been corrected. One or two examples may be given. 

BeryUium.~Old equivalent 6-9. Equivalent in 1871, 4-7. 
Equivalent at the present time 4*55. 

The following are some of the possible atomic weights with 
the corresponding formula of the oxide : — 


Atomic Weight. 


Fommla of Oxide. 


4-55 
910 
13-65 
18-80 

etc. 


Be^ j 
BeO _ 1 

Be^, ^m 

etc. '■ 


I Tnnu. Jtav. Sue. Edinburgh, XXVlll. p. 671, 1S78, and LttlB. iOid. X.SX,, 
1 p. 286, 1880. 
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The following were Meodeleef's arguments for assigDiag its 
present position to the element and the consequent atomic 
weight 9'1 (9'4 when he made the change). 

Be = 4'7. No element {apart from hydrogen) is known with 
such a low atomic weight, and if that were the atomic weight of 
the element, it would in all probability have very remarkable 
properties.' It would no doubt be intermediate between the 
alkali metals and hydrogen, as it would be monatomic. 

Be = 14'1.'' The element could find no place in the 
periodic system. Supposing that it could do so, it would have 
to form very acid oxides, such as BeOa or BeaOj, and easily give 
a compound with hydrogen of a basic character, and it would 
be a non-metal. 

Be = 18'8. It must then resemble fluorine and be a gas. 
It would give no oxide and would be a non-metal. Its 
hydrogen compound would he a strong acid. 

Beryllium is a silver-white and hght metal (sp. gr. about 2), 
thus resembling both magnesium and aluminum, as it doea in 
many of its compounds. 

Heated, it burns brightly, forming a white amorphous 
oxide (Mg), while its hydroxide strongly recalls that of 
aluminum (e.g., solubihty in alkalies). Its deliquescent 
chloride, and the readiness with which that body combines 
with other chlorides, resembles in those respects the chlorides 
of both aluminum and magnesium. Its sulphate easily crystal- 
lises and effloresces like magnesium sulphate, and its carbon- 
ale and phosphate are insoluble, just aa are the corresponding 
magnesium compounds. 

In short, with Be = 9"4 (really 9'1), the element enters the 
system and all the above-named properties harmonise with 
the position it then occupies. 



' Het[um, since discOTered, baa tieulj tbis atonic n 
fact, fcmukable propertieB. 
"~ ' "' "«mic weight former! J a 



■iKht, ai 



!!■■ 
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Indivm. — Equivalent 88'33. If the oxide be InO (as was 
formerly thought), In = 76-66. Then it would have to be placed 
between arsenic and Eelenium, where there is do room for it. 
If the oxide be IdA (In = lU-99) (really 115-0 in round 
numbers), the element finds a position between cadmium and 
tin and below gallium. This change, which was suggested by 
Lothar Meyer, was supported by Bunsen's determination of 
the specific heat of the metal, which he found to be 0'0O57, 
from which : — 

6-4 
Atomic weight = rui^ ~ 112-5. 

The other properties of both indium and of its compounds 
are in harmony with the position requii'ed by the atomic 
weight 115-0 approximately. 

Uranium. — Formerly the atomic weights 60, 120 and 180' 
were asiigned to this element at different times, but with the 
former it would have to be placed between nickel and copper, 
and with the second between antimony and tellurium. With 
atomic weight 240," Mendeleef showed that the element f&lla 
into group VI. (Table, p. 62), and becomes the heaviest analogue 
of chromium and the element of highest atomic weight yet 
known. This place fits it well, thus the highest oxide UOg 
is acidic, but less strongly bo than CrOa.' Further the highest 
chloride resembles HoCU in volatility. Determinations of the 
vapour density of the chloride and bromide by Zimmermann 
confirmed Mendel^ef's views as to the position of this element 
in the periodic system. 

Elements of the rare earths and their position in the 
periodic sifstem.^Ga,do\in, in 1704, discovered a new earth 
(later named GadoUnite in his honour) which was called 

' See Lothar Meyer's atomic Tolutne curre, p. r>3. 

« Now 2Safi (0 = IB). 

' It baa been atreadv remarkeii Ihat the groups kre dGBCended, the melallioitj 
of Ihc elcrcentg increasea, and, la a cocsequcuce, the bosicit; of the oxidea 
Inoreaaea alto. 
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I jttria, and in 1803 Klaproth, on the one hand, with Berzelius 
find Hisinger on the other, discovered in cerite (another 
Swedish mineral) a Bocond new earth to which the name 
ceria was given. 

Later, other minerals, such aa samarskite, euxinite, fergu- 
sonite, xenotime, etc., containing these aa well as other earths, 
were discovered, partly iii Scandinavia and Greenland, also in 
the Ural mountains, Australia and America; while the invention 
of the incandescent gas mantle by Auer von Welsbach, about 
1884, created a commercial demand for thoria, aa well as for 
certain of the rare earths in question, which ia at present 
supplied almost entirely by monazite, or rather monazite 
sand, which occurs in certain rivers and on the sea coast on 
the American continent, especially in Brazil, as well as North 
and South Carolina. 

The complete separation from each other of the different 
earths of this group has proved be be both difficult and 
tedious, as will be seen from the number of operations 
necessary in the case of lutecium. In tact the investigation 
of the rare earths has extended over a century and is 
probably atill incomplete. It may also be mentioned that 
comparatively few of the metals of these earths have as yet 
been isolated. 

The scheme on p. 75 ia taken from Abegg's book.' 
It does not include the two metals, lutecium and celtium, 
more recently discovered by Urhain, in 1907 and 1911 reapec- 

t tively. 

1 Tha first of these (lutecium) vas originally obtained by him 
from 60 grama of ytterbia by fractional crystallisation of the 
nitrates of the rare earths which it contains ; later, from the 
earths obtained from lenotime, by first separating a number 
of the allied earths as ethyl-sulphates ; conversion of the 

> Band. Erate Abthcilnng. 



THE OLDER CHEMISTRY 



77 



mother liquors frora these into nitrates and the fractional 
crystallisation of these nitrates. No less than 16,000 separate 
crystallisations were neceBsary, 

The second (celtium) was diacoTered in the mother liquors 
of the nitrates obtained in the isolation of lutecium from 
gadolinite earths. The oxide of the new element is charac- 
terised by a magnetic susceptibility three or four times less 
than that of lufcecia. The arc spectrum shows a number of 
lines, of which five are specially intense. The chloride is 
somewhat more volatile than that of lutecium, but less so 
than that of scandium. The hydroxide is less basic than that 
of lutecium, but more so than that of scandium. 

Ab a class, the rare earths are basic oxides. The elements 
of the series have been divided into three groups as follows : — 



Cnliungnmp. 


AiWl. 


ferbluoi group. 


..,,. 


TtlBTblum grmiB, 


Al.wt. 


Scndium 


441 


Europium 


1.130 




1G2'S 






(iadciliumm 


1S7'3 


Hulmiam 






139-0 


Terbium 


|r,9-2 


Erbium 


167-7 




140-30 






Tbiilium 


168-8 


Fraaodymium 


140-6 






ytierbium (Neo-ylterblum) 


1720 


Neodymium 


144-3 








1740 




150-4 






Celtium 


1760 



(On reference to the international table of atomic weights, 
it will he seen that celtium is not included in the list of 
elements, while holmium was only placed in the table 
for 1913.) 

In perhaps the majority of cases the separation of these 
elements from each other is attended with great difficulty 
owing to the close similarity of their compounds, but the 
above classification is based upon tbe differences in solubility 
of the double sulphates of tbe elements and potassium 
sulphate, the cerium group giving practically insoluble double 
(b, the ytterbium group giving such as are readily soluble, 
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while the solubility of these double salts in the case of the 
terbium group is inter mediate between the two. 

Further separation is effected by some process of fractiona- 
tion, such as partial precipitation with ammonia, fractional 
crystal It eat ion of nitrates, formates, ethyl-sulphates, oxalates, 
etc., or by taking advantage of the fact that the nitrates are 
decomposed into oxides at different temperatures. 

Regarding the position of these elements in the periodic 
system, it will be seen that scandium, lanthanum, and 
cerium fall into definite positions, but such is not the case 
with the others, and various suggestions have been made od 
this point of which two may be mentioned, namely : — 

(1) To interpolate them in one group (IV.) between cerium 
(atomic weight 140) and tantalum (atomic weight 161) as is 
done in the Table on p. 54. 

(2) To expand the table into three dimensions of space, 
cerium, and the elements following it up to lutecium lying on 
a plane at right angles to that of the other elements. 

But it is difficult to see what intelligible meaning attaches 
itself to either of these suj^gested arrangements. 

Regarding atomic volumes, only tliree of the elements 
appear to have been isolated. These are : — 



Praseodymium 

Neodymium 

Samarium 



140-6 20-765 
144-3 21-709 
150-0 19-3 



The atomic volumes of these three approximate each other 
therefore pretty closely. 

Finally, as regards this part of the subject, mention may 
be made of Crookes' experiments on salts of certain of the 
rare earths which, largely on spectroscopic evidence, he 
considered he had separated into several different constituents. 

This led him, in his Presidential Address to the Chemical 
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Society in 1888, to express the view that certain of the rare 
earth elements (if nob most) were what he termed " meta- 
elementB," a class of bodies which he apparently regarded as 
not exactly differing atomically, but differentiated by the 
aggregation of their atoms to molecules of different structures 
and of different sizes. 

His views have, however, been strongly combated by Leooq 
de Boisbaudran, Marignac and others, who explained hia 
spectroscopic results as being due to the presence in the salts 
which he examined of minute traces of foreign bodies, and 
later observations appear on the whole to have confirmed 
that view. 

Appendix to Pkriodic Law, Pabt I. 
Data from which the author's curve of atomic volumes was 
constructed. (The elements are arranged in the order of magni- 
tade of their atomic weights.) 



EUmuit. 


AtilDllC 




Aulhotitj for DuniLtjr. 


BjdrDgen ... 


141 


0-07 (L) 


Moiaann, '■ TYaM df Chim. JTn-hvUr 


HdiiuS 


26-6 


015 (1.) 


Ohneg, C^tm. lioe. Journ., VMS, Ab. II., 
p. 944. 


Lithiam 


11-7 


0-5936 


BuDsen and Matthie«on. 




i9 


1-85 (30) 


Uumpkige, Proa. Ray. &>e.. 18*6. 


Boron 




a-46 


Moiasan, Ann. Chem. Pky:, 189S. 


,. [ D(»md, 


3-7 


3-S5 {meSD) 


" TraiU dt Ckin. MiHdTaU." 


Cfttbon J Graph. 


n-6 


3-2 




,. ICharl. 


7-6 


1-58 (mean} 


Abera, " HandbHth. d. anarg. Chem." 
WroblewBki, Cempt. rmd., 102. 


Nitrogen 


308 


0-455 (L Bt 






crit. temp,) 




Oijgen 


13-3 


1-S (L) 


Mean resulla; Olzewsti, Liieing, De- 


PlDoriDc 


16-7 


1-14 (L) 


Moissan'and Dewar. Comnt. rend. 134 
and 125. 


Nmo 


2i>-3; 


1-0 /(L) 


RatDBar and Traven, Traia. Roy. Sac, 

197, p. 88. 
Hagen. li'ied. Ann. 19. 


Sodinm 


83-7 


0-9725 


Uagoeslam ... 


13-9 


1-75 


Deville and Csron, Omipl. rtnd. 44. 




lut 


2-6 


Meiin o[ TBrioDB obaervera. 


SillcDU 




2-42 


Mean (Amorph), Vigourous, A»iialii, 
IS97 ; {Crjflt) Hanaenung, fogg. 


Pboqibom. ... 


IS-G 


3-0 


Mean (vit.) Tarioua ; (Bed) Hiltorf. 
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Vol" 


L - Liquid, 


Anthority for Dtnilty. 


Sulpbiir 


IS'S 


203 


obserrera. 


Chbrine ... 


23-5 


1-6071 (L) 


Drugman aod Kamwiy, Journ. Chmi. 

Hoe., 18(i2. 


Argon 


33-9 


1-212 


BamBay and TraTere, JVaw, Rot/.Soe^ 
BantDhaner, Btrickte, fl, 187fi. 


Polaasluia ... 


U7 


0-875 


CHlciain 


23'6 


1-70 


Mean, Uoieaan, TraiU dt Chin. 
Miniralt. 




! 


? 




TiUtiiam ... 


9-9 


4-87 


Moi«Mn, TraiU A- Chin. .Vinh-aU. 


Vauadmra ... 


U-3 


fl-5 


Roecoe. 


Chroroiuni ... 


8H 


fi'8 


Moi«aaD. Traili dt Ckim. MiniraU. 


MftiigftQ€se ... 


7-4 


7-43 


Mean of various, Uoimui, Traiti it 
Chia. MirOralf. 


Iron 


7-3 


7-8 


BoberU Vld Wrightson, Landok and 
B. P. ch. Tab. , 


Cobalt 


6'T 


8'8 




Nicke! 


6-6 


8-a 


Schraeder. ISJ9. 


C<T.pcr 


71 


8-U 


KflhlbBum and Sturm, Zeit. /. anorj. 
CTm.. 1906. 


Zinc 


BS 


7-1 


UammelBbe^. MmaUhrfie, prrm. 

Akad.. 1880. 
hixon. At Bo»b&ndmn. 1879. 


Oftllium 


11-7 


6-95 




IS-3 


64 « 


Winkler, JoHr«. prak. «««., 1888. 


Amnic 


131 


5-7 






17'a 


4-5 


Mean. dit. vara., Joan../ phy.. tVp... 
1900. 


Bromine 


371 


2-9ifl (L at 


[Unuaj, Ramsay and Uaaaon, Thorpe. 






BP) 


(mean) "^ 


Krjjjton 


;i;-s 


2-lo5(L) 


itamsay and TraTera, Tram. Roy. Sh-., 
Bunsen, 1863. 


Rnbidrnm ... 


68'2 


1-S2 




34-B 


2-S4 


Matthiesen, 1SE6. 


Yllrium 


! 






r Zirconiom ... 


21-8 


4-15 


TroMt, a>«pt. md. 61. 1868. 


Niobium ... 


13-2 


7-Ofi 


RoKoe, C*<«. .Vsux, 1878. 




10-e 


9-1 


Fnsed, Moinan, TraUi dt CAin. 


1 BothCDium ... 


8-8 


114 


Fased, Devilie and Debray, Ann. 




8'5 


H'i 


Fused. DeTille and Debny, Anm 

Chin, f'hyt., 1869. 1 


f P»ll»dium ... 


94 


11-4 


Fused, Devillc and Debray, .4m. 
Ckl»i. Phy,., 1859. 


Silver 


10-2 


10-6 


Vartons. 


CBdmium ... 
iDtUum 


13-1 


8-60 


Kammerer. BtrickU. 1874. 


1.1-1 


7-iai 


Winkler, Jonn.prak. «*«.., 18BT. 1 
Matthiesen. 1860. 


Tin 


ma 


-■211 


ADtinionj ... 


180 


6-71 


Mean of Tarioui, HoimiD, TraUi d* 

Otim. Minirale. 


TeUDrinm ... 


20'5 

■ 


6'21 


Ucau of variuuB, Uolnsn, Traite dt 
rM«. Miitirale. 
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ElMnmt. 


Atomio 
Vol. 


In other OH» 


Authority For Doiislty. 


Iodine 


23-7 


4'933 


Ladenbucg. SerMte, 1902. 


Xenon 


37-0 


352 (L) 


Bamaay and Trasen, Tram. Hoy. Sac., 

1900. 
Oraefe and Eofcart. ZeU. anorg. Che«:. 


Caesium 


70-4 


1-886 








1899. 


Barinm 


SB-e 


3-75 


Kern, Ckem. N., 1875. 




33S 




Hillebrandt and Norton, Piyg. Ann., 
1876. 


Carium 


21-0 


6-68 


Mean, Uillebrandt and Norton, Pugg. 
An;., 1876. 


Ynerbinm ... 


7 


! 




TantaJam 


14-1 


12-79 


Moisiaa, C^mpt. read. 134, 1902. 


Tuupit^ ... 


9-8 


187 


„ 4»n. d. Chim. Phu, (7), 8, 
1896. 
Fuseii, Joly and Vfczera, Campt. reml. 


Oamium 


8-5 


3318 








116, 1893. 


Iridium 


8-6 


22421 


Fused, Deville and Debray, Oimul. 
rend- 146, 1868. 


PUUnom ... 


9-1 


21-SO 


Fused, Meao, Deville and Debray, 
Cumpl. rend. U6,1S6S. 


Gold 


10'2 


19-33 


Fused, U.Rose, 1848. 


Mercury 


167 


12764 (L at 


Bock, " Truv et mm d. B. later- 






BP) 


milional' de$ Pou-e-Mct," 1883. 


Tliftllium 


17-2 


n-853 


De la Rive. Compl. rend., 56, 1863. 


Lead 


IS'B 


11-37 


Mean of variona. 


Bismuth 


21'3 


!l'8D 






33-8? 


6-7? 


From graphic extrapolation of densities 
of (Ja, St, Ba plotted a^nst 
atomic weights of same elements 
pt«j tbat of Ra. 


Niloa 


38-7! 


5-8 ; (L) 


From RaniBay and Oray'a reanlts.' 


Thurium 


211 


H-0 


NilBon, Bfrichtf, 15, 1883. 


Uranium 


12-8 


18-7 


Zimmermann, AnruiUn. 232, 1886. 



> Tbese authors givefTnifu. Chtm. &«. 96 (1909), p. 1,083) as the Jf ni^il; for 
liquid niton near its boiling point 46, if the atomic weight ia 176, and 5-7 for an 
Atomic weight of 219. Tbe figure 6-8 corresponds with tbeatomic weight found 
later by the same Invest igatois, namely 222'4. 




; LAW — PABT ri. AND THB INERT ELEMBHra 

The Periodic Laic and New Elements. — PerhapB the greatest 
fascination which exists in science is for oue of its followers 
to be in such a position as to make a true prophecy — to 
predict the unknown from the known. Think of the delight 
of the astronomer, when from certain erratic movements of 
the heavenly bodies he comes to the conclusion that a new or 
hitherto unknown world exists, calculates its position, and on 
turning his telescope to the spot finds it to be actually there. 

This is very much what occurred in 1846, when Adams and 
Leverrier simultaneously, or almost simultaneously, predicted 
the existence of the planet Neptune from the perturbations of 
Uranus.' 

Imagine Pasteur's triumph, who, when scarcely more than a 
boy, predicted that a new isomer of ordinary tartaric acid 
should exist, which ought to rotate a ray ot polarised light to 
the left instead of to the right hand : thought out a method 
for obtaining it, and after performing the necessary opera- 
tions on glancing through the polariscope at the preparation 
thus obtained, found that his anticipations were realised. 

His charming biographer and son-in-law, M. Radot,* tellfl 

> In 1S45, Adanu, who for two previous venrB had ini'eBligated the pertur- 
batioDB ol Uranus, sent hU completed elements to Ptolmsot Challi.i and to Airy. 
together with the Btatement that according to hig calcutoiioni the irregularitie* 
in the motion of Uranus conlil be accoiinled lor b; the action ot an exterior 
planet, <j[ which be hail calculated the tnotlona and orbital elementa. 

Leverrier, in the same jear, made a more extensive malhemntical inveiU- 
galion of the subject. The planet was actuallj discovered ia I84S tram these 
invcBligatluDB. 

■ Engliah Iranslstli:!] b; Lad; Claud Hamilton, " Loai9 I'astenr. His Llfeand 
LaboulB." In French, " M, Paileur. HUlvire d'vii Savant par un lymtraia." 
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us " that he quitted the laboratory abruptly. Hatdly bad he 
gone out when he met the aBBistant of the physical professor. ^ 
He embraced faim, exdaiming ' My dear Monsieur Bertrand, I 
have made a great discovery ... I am so happy that a 
nervoua tramulousness haB taken posseBsion of me, which 
prevents me from again looking through the polariBCOpe. 
Let as go to the Luxembourg and I will explain it all to 
you." " 

Mendeleef was among these fortunate Prophets of Science, 
and so also was Sir William Ramsay later. Mendeleef very 
soon realised after formulating the Periodic System or probably 
when formulating it, that if order was to be established in the 
law, vacant spaces or gaps must be left in the table, and that 
these must belong to elements not then discovered. His 
exact statement was as follows : — 

"The Periodic Law rendera it poseible for us to briog to light 
the properties of tbe new elecoeuts, whose atomic analogues are 
known. . . . We see from tbe Cable that many elements are miasiug 
and we can confidently predict their diflcovery." 

His meaning as regarda " atomic analogues " will be under- 
stood from the following diagram in which E is the element 
in question and A, A, A, A, the immediate atomic analogues : — 

Group X. Group Y. Group Z. 
Series 3, etc.' A 




eeri«9 acourdingto tbe poaitfoo of E, (See 

a a 
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On the whole, the properties of an element and of its com- 
pounds are the mean of those of its immediate atomic analogue I 

Take for instance the case of selenium, which may be 1 
tabulated in relation to its immediate atomic analogues thus :— 

Gr. V. Gr. VI. Gr. VU. 

Series S. S 



P 



Series 7. Te 

(1) A tomic weight. — To arrive at it from the means, we have :— 
Aa + Br + 8 + Te _ 74 96 + 7992 + 32-07 + 1275 

4 ~ 4 

?i^ = 78-6 (Actual At. Wt. 79-2). 

(2) Qeatral character of the element. — The two atomie 
analogues of selenium 8 and Br. are well marked non-metalsi 
while As and Te are of the transitional type. SelQnium, while 
in moat respects a non-metal, yet shows certain metallic 
properties. For instance, one of its modifications conducts 
electricity and has a metallic appearance ; it Is indeed often 
spoken of as *' metallic " selenium. 

(3) Cowpoundi. (A) Hydriden. — AsHg. Non-fuming gaa, 
having no well-marked acidic or basic properties. SHj, SeH], 
TeHg. Non-fuming gases of powerful and disagreeahle odours, 
having slight acidic properties and precipitating many metals 
from solutions of their salts as sulphides, selenides or tellurides 
respectively. HBr. Fuming gas, having strong acidic pro- 
perties. 

(B) Ckioridei. — AbCIs. Liquid easily decomposed by 
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AfljOs and HCl. SaCla, SCIa, SCI(. Liquids. Only SjCia 
le ; the others readily diaaociate into it and chlorine. SaCla 
decomposed by water into SO3, S and HCl. He-jCU, SeCU. 
The first an oily liquid, decompoBed by water in a similar 
manner to the correBponding sulphur compound ; the second 
a solid, decomposed by water into HaSeOg and HCl. TeClj, 
TeCl*. Both colourless solids. The first decomposed by 
water into Te, HaTeOs and HCl. The second decomposed by 
hot water into the same products, but giving with a small 
quantity of cold water an osy-chloride. 

(C) Oxideg (Chief).— AsaOa, AshOb. Both solids. The first 
possesses both acidic and basic properties; the second only 
acidic properties. SOa, SO3. The first a gas with strong 
reducing properties ; the second a solid with a powerful 
attraction for water, with which it unites with much evolution 
of heat. SeOj (sole oxide). Solid, easily reduced to Se. TeOa, 
TeOa- Sohda. Bromine forms no oxides. 

(D) Oxyrjen acids. — (Chief) HaAsOs- Only derivatives known 
e.g., AgaAsOa, HnAsOi. (And the corresponding Pyro — and 
meta-acids). Strong acids. HaSOg, HaS04. The first only 
known in solution or as crystalline hydrates. A reducing agent, 
and readily dissociates into water and the anhydride. The 
second a stable liquid with very strong acidic properties. 
HaSeOs, HaSeO,. The first a solid, easily reduced ; the 
second a liquid. HjTeOa, HaTeO^. Both solids, the first 
nearly insoluble in water ; the second sparingly soluble in 
cold water. Both yield the anhydrides on heating. 

Before returning to Mendeleef's predictions regarding the 
elements which had not been discovered when he formulated 
the Periodic Law, it should be mentioned that by "remote 
atomic analogues " are meant the elements corresponding with 
the one in question in congeeutii-e series instead of those in 
alternate series. Thus, in the case of selenium, chromium 
and molybdenum are the remote analogues. 



CHESnSmY OLD AND NEW 



1 



Next, in finding names tor the andiscovered elements 
Mendel^I eelected the upper imniediate analogue, and named 
the undiscovered element after it by prefixing the Sanscrit 
word for "one" or "first." namely, "eka;" or if the 
element had no immediate atomic analogue above it and 
it occupied the next lower position he employed the corre- 
sponding word for "two" or second, namely, "dwa, 
ao on. 

The following are a few of bis predictions : 



irre- 



Eka-aluminum. 
(Predicted PropertieB.) 

Atomic weight aboot 68. 
Readily obtained by reduction. 



Melting point low. 
Sp.Gr. 5 9. 

i upon by a 



Not a 



^ 



Will decompose water at a 
red heat. 

Slowly attacked by acids or 
alkalies. 

Will form a potash alum more 
soluble but leas easily trystal- 
liaed than the aluminum com- 
pound. 

Oxide Ea,0,. 

Chloride EajCl, 

Ekaborrm. 

At. Wt ii. 

Oxide. Hb,0,. Sp.Gr. about 
3'5 with not very characteristic 
properties, as it forms the tran- 
sition from CaO - TiO,. It 
ought to be more basic than 
alumina, and its compounds 
■hot lid reseoible in form and 
properties those of aluminum. 



Gallium. (Discovered 1875), 
(Actual Properties.) 

Atomic weight 693 (H = 1). 

Readily obtained by electro- 
lysing an alkaline solution of the 
hydra ta. 

Melting point 3015. 

Sp. Gr. 5-93. 

Superficially acted upon by air 
at a bright red heat. 

Decomposes water at high 
temperatures. 

Soluble in hot HCl. Scarcely 
attacked by cold nitric acid. 
Soluble in KHO. 

Forms a well -defined alum. 



Oxide GB,Or 
Chloride Gb,C1(. 

Seandiutn, (Discovered 1879). 

At. Wt. 44-7 (H = 1). 

Oxide ScO,. Sp. Gr. 3-8. 
Soluble in strong acids. More 
basic than alumina. Insoluble 
in alkalies. Gelatinous hydrat«, 
carbonate and phosphate. 
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EkaboTon. 

The Bulphnto not ho easily 
soluble as that of Aluminum 
(CaSO, and MgSO,). 

The oiide will be inter- 
mediate in properties between 
alumina and magnexia, 

Bka-iilicoTi. 

Ljing between St and Sn 
would be related to Ti as Zn to 
Ca. 

Atomic weight about 70. 

Grey, difficultly fusible metal, 
obtained by the reduction of the 
oxide with carbon or sodium. 



Scarcely actod upon by acida. 



Readily soluble in alkalies. 

EbO, less basic than TiO„ but 
more so than SiO,. 

EbCl, a liquid boiling at about 
lOOC. 

EbF, not gaseous, and would 
give rise to double fiuorides 
M,EbPg. 



Scandium. (Discovered 1879). 
The sulphate a white powder, 
easily soluble in water. Sc, 
(SOO,6H,0 erystallises from the 
syrupy liquid. 



Germanium. (Discovered 1 



Atomic weight 72-04. (H=l.) 

Greyish -white lustrous crystal- 
line metal. Melting at about 
900 C. 

Obtained by reducing the 
oxide with oarlwn or hydrogen. 

Not attacked by dilute HCl, 
oxidised by HNO, soluble in 
H^O.. 

Soluble in alkalies. 

GoOj faint acid. 

GeCI^ a liquid boiling at 86 C. 

G6F„3H,0 (?) a solid. Gives 
double fluorides MtGeF^ isomor- 
phous with ail ico- fluorides. Also 
H.GeFa. 

(Germanium also gives a 
second series of compounds, b.,?., 
GeO.GeCl, OeS, etc.) 



hi The Inert Elbuentb. 

P to the year 1892, what remained when the impurities 
Buch as watflr, carbonic anhydride, etc., were removed from 
air, waB believed to consist of a miiture ot nitrogen and 
oxygen only. Though it is a remarkable fact that Cavendish 
|| in 1785 not only suspected the presence of another substance, 
j but actually isolated a amall amount of it.* 

' In poiat lit fact, he Iimnd j]q part nf atmospberic nitrogen might be due 
l« a foreign nibatancc. Hnmsay and Rajleigb fonnd tbat the amoimt of the 

* "KWMBbCIOt ^. 
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Lord Bajleigh working betneea 1892 and 1894 found that 
the densities of " atraospheric " and "chemical" nitrogen 
varied beyond the limits of experimental errore. The weigbta 
of 1 litre he found varied thua : — 

Atmospheric nitrogeti. Chemical nitrogtn. ^^^J 

1-257 gram. 1-251 gram. ^H 

That is to say, by about 6 in 1,200, or some 0-5 per cen^, ■ 



^ 




Fro. 6.— Tjiie of apparatus used by CsTemlish and Priestlej. 

while the accuracy of his method did not involve an error of 
more than 0-02 per cent. 

In 1894, Rayleigh and Hamsay isolated a new element from 
air, which was in part the cause of the difference in the 
densities of nitrogen as extracted from air and from purely 
chemical sources respectively. Two methods were adopted tor 
its isolation, one of which was the method employed by 
Cavendish in 1785. It consisted in passing electric sparks for 
a long time through air, confined over mercury, in presence 
of a solution of a caustic alkali. The diagram given above will 
give an idea of the apparatus he employed, and it is of interest 
to note that the experiment had been made ten years 
previously by Priestley, but not with quantitative accuracy. 
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A more convenient method of Beparating argon (as the new 
element was named) from air, or rather from the nitrogen 
obtained from air, is by causing the nitrogen to combine with 
a metal. Magnesium was first used, but later a mixture of 
magnesium and lime. 

Regarding the chemical reactions in Cavendish's method, 
the nitrogen is fixed according to the following equations if 
caustic soda is used : — 

(1) Na + 20s = 2N0a 

(2) 2N0j + aNaOH = NaNOj + NaNOj + HaO 

While in the later method, the change is ; — 
8Ca + Na = CagNa. 

The isolation of argon from air presents no experimental 
difficulties, and can easily be shown as a lecture experiment. 

The chief property of argon is its inertness. No compound 
of it has been obtained, and its discovery marked something 
liie a new epoch in chemistry. Its physical properties we 
shall discuss later. 



In 1868 Jannsen noticed in the chromosphere of the sun, 
during a solar eclipse, some new lines in the spectrum which 
bad not been previously observed, and which could not be 
identified with those belonging to any known terrestrial 



Lockyer also studied this spectrum and attributed it to 
sn element peculiar to the sun, and therefore named it 
"Helium." 

Shortly after the discovery of argon, Miers, of the British 
Museum, drew Ramsay's attention to experiments made by 
Hillebrandt of the U.S. Geological Survey, on a gas, which he 

o tbe Di and D, linn 
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had obtained from certain minerals, and which he believed to 
be nitrogen. 

Ramsay * investigated this new gas (which he obtained at first 
from GIeveite),andfoandth&t in addition to nitrogen, anothergas 
was present which had an identical spectram with Lockyer's 
"Helinm." Ramsay and his collaborators showed that the 
latter was a terrestrial element, which not only occurred in 
certain minerals, but also in some mineral waters, e.g., those 
of Bath, Wildbad and Cauterets, and eventually its presence 
was proved (by Eayser) in the atmosphere also. In its 
inertness it exactly resembled argon. 

By methods which we shall consider presently, Ramsay 
showed that this new element, Helium, had an atomic weight 
of about 4, while that of argon he had proved to be about 40. 

It could not fail to strike a man of Ramsay's mental capacity 
that another inert element ought to exist between helium and 
argon, and as President of the Chemical Section of the British 
Association at Toronto in 1897, he drew attention to the 
following relationships : — 



F 





N 





16S 


16 


17 


163 


CI 


B 


P 


Si 


19-5 


20-3 


20-4 


19-8 


Mn 


Cr 


V 


Ti 



— the numbers referring to the difTerences between the atomic 
weights of the elements in question (vertically) ; and he said : — 



"There ebould therefore be an 
helium and ai^n, with an atomic w 
of helium and 20 uuits lower than 
and pushing this analogy furlher f 
element should be aa indifTerent to i 
two allied elements." 



undiscovered eleraent between 
light 16 units higher than that 

that of argon, namely 20 . . . 
till, it is to be expected that tbia 
niou with other elements as the 



minerali," iViM. Re^.Soe. Part I., 
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He searched in every poeeible quarter for this undiscovered 
element, and to quote from another of his papers ' : — 

" Miiierais from all parts of the globe ; mineral waters from 
Britaiu, France and Iceland ; meteorites from interstellar space; all 
these were investigated without result ; " and he continues : " the 
ayatematio investigation of argon, however, gave a faint indication of 
where to search for the missing element." 

For he found that argon could be separated by diffusion into a 
lighter and heavier portion. 

The invention of an apparatus by Dr. Hampson for easily 
obtaining large quantities of liquid air at small expense and 
with little trouble, placed a new method of research in the 
hands of Ramsay and Travers, namely, ready access to low 
temperatures. 

The idea occurred to them that by submitting argon to its 
effects, they might liquefy it and then treat it like any other 
volatile liquid, namely ascertain the presence or absence in 
it of impurities by the simple process of fractional distillation. 

"Dr. Travers and 1 prepared fifteen litres of argon from the 
atmosphere with the purpose of distilling it fractionally, aft«r 
liquefaction, for we knew from the researches of Prof. Olszewski of 
Cracow . . . that argon could be litjuefied easily . . . and moreover 
we were in hope that by fractionating the air itself, gases of even 
higher atomic weight than argon might possibly be obtained. Both 
expectations were realized. On distilling liquid argon, the first 
portions of the gas to boil off were found to be lighter than argon ; 
and on allowing the liquid air to boil off slowly, heavier gases oame 
off at the last. 

" It was easy to recognize these gases by help of the spectroscope, 
for the light gas, to which we gave the name neon, or ' the new one,' 
when electrically excited emila a brilliant flame-coloured light ; and 
one of the heavy gases, which we called krypton or 'the hidden one," 
ia characterized by two hrilliiuit lines, one in the yellow and one in 
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the green part of the spectrum. The third g&s, named xenon or 
* the stranger,' gives -nut a greeninh-blue hght, and is remarkable for 
a very complex spectrum, in which blue lines are conspicuous. 

"Although neon wa^ first obtained by the fractional distillation of 
argon, it was afterwards found convenient to prepare it from air. 
The torpedo-compressor which is used for compressing the air before 
it enters Dr. Ilampeon's liquefier, was made to take in the ur which 
had escaped liquefaction in the tique6er ; the denser portions were 
liquefied by compressing them into a vessel cooled by the denser 
fractions, boiling under reduced pressure, and consequently at a 
specially low temperature. This liquefied portion was again frac- 
tionated, and yielded neon : «ud it was not loiig before wc discovered 
that helium was also present in the mixture. . . . The purification 
of neon and helium from argon, although a lengthy process, was not 
attended by any special difficulty." 

But to separate helium from neon was more diEBcult and 
troublesome, and neceesitated the employment of liquid 
hydrogen (for the production of which a speeial form of 
apparatus was devised by Travers). Under these conditions — 

"There was then no difficulty in effecting the separation of neon 
from helium : for while neon is practically non-volatile, when cooled 
by liquid hydrogen - . . even that enormously low temperature is 
not sufficient to convert helium into a liquid. Hence the gaseous 
helium could be pumped away from the non-gaseous neon, and the 
latter was obtained in the pure state." 

The Atojnic Weights of the Inert Elements. — Ramsay had no 
chemical properties to assist him in the determination of the 
atomic weights of these inert elements. The determination 
of the equivalents of the new elements was not possible, and 
in atomic weight determinations the equivalent may, aa we 
have seen, be regarded as the main girder, so to speak, in the 
structure. 

He had to rely entirely on pbvaical properties, and of 
these density of the gases was the most important. 

According to Gay-Lussac's law of atomic yolmneB, this 



1 
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density (or rather specific gravity), i£ referred to hydrogen as 
unity, is identical with atomic weight; but aB we saw when 
discussing the subject that is only the case when the 
molecules of the gases consist of 2 atoms. If the molecule 
contains only 1 atom, like mercury, the density must be 
doubled to give the atomic weight; if It contains 4 atoms 
like phosphorus, the density must be halved, and so on. 

There ia, however, a physical property which enables as to 
determine, to a certain extent at all events, the number of 
atoms in a gaseous molecule. 

Raising the temperature of a gas may he regarded dynamic- 
ally as affecting the movements of its particles or molecules. 
Either there is an increase of the rate of motion of the 
molecule as a whole, which may be termed " translational " 
movement, and affects the pressure of the gas, just as a more 
rapidly moving projectile causes a greater pressure when it 
strikes a target than one which is moving less rapidly, or 
combined with this increase in translational movement there 
is an increase in the movement of the parts or atoms of the 
molecule, which has been called " internal " movement. 

Thus two living people might have a desperate struggle at 
the edge of a cliff, causing them to fall over its edge, and 
while falling continue the struggle, thus losing energy as 
individuals ; and yet on striking the ground they would 
exercise no more pressure than if the same two people before 
falling were dead. 

It follows that the energy expended on a gas in increasing 
the internal movements of its molecular components does not 
increase its pressure, and also that less heat is required to 
raise the temperature of a gas having simpler constituted 
molecules than one whose molecules are more complex. 

The heat required to increase the translational movements 
of gas particles is the same for the same volume of all gases 
under the same conditions of temperature and pressure, no 
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matter what the ODDStitntioa of their molecules may be, and 
may be easily calculated, thus : — ^h 



1 gram molecule of a gas = 23-38 litree at N.T.F. 



Expansion when heated 1° C. = 



■273 



= 81-98 C.C. 



Suppose now that the gram molecule of the gaa is enclosed 
in a cylinder provided with a (weigfatlese) piston of 1 sq. cm. 
in area. When the temperature ol the gas is raised from 
to 1° C, the piston will be pushed up against the pressare 
of the air through a space of 81'98 cm. As the atmo- 
spheric pressnre is equivalent to 1,033 grams per square 
centimetre, the work done by the expanding gas will amount 
to:— 

1,033 X 81-98 = 84,686 cm. gms., 
of which the heat equivalent is : — 



84.685 



_ 84,685 

Uechamcal Eqt. of Heat 4-2,700 



= 2 cals. (nearly). 



If the gas is heated in a closed vessel, i.^. under conditions 
of constant volume, do external work is done, and the molecular 
heat is 2 cals. less than under constant pressnre. 

Mol. HL at constant P . . 

Mol. Ht. at constant V." 



4-96 to 4-76 
and for mercury (monatomic) 



1-408 to 1-420. 



Ramsay found this latter ratio for argon and the other inert 
gases, and therefore they have monatomic molecules.' 
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In the following table the more important properties of the 
inert elements are given : — 

PSOPEKTIBS or THE INEBT ELBHBHTa. 





m. 


Ne. 


At. 


Kr. 


Xt 


Density of giu{H-l) 


l-»8 


fl-flS 


19-96 


40-78 


S4 


Atomic weight (H = l> 


3-96 


isaa 


39-92 


S1-G6 


las 


Douaity of liquid 


016 


1-0? 


1-212 


2-155 


3-53 


Boiiing poinW . 


-268'5 


-239 


-186-1 


-151-7 


-lOSl 


MelliDg „ . 


i)elow-2;t 


? 


-187-9 


-169 


-140 


Critical temperaturaa 
















«low-21* 






















275 


29 


B2-9 


B*-S 


67-8 


Hefractivllj of gai . 


0-124 


0-335 


U-968 


l-UO 




Vol. per million ot air 












(about) 


10—20 


10—20 


9,370 


0-06 


0-006 



Position of the Inert Elewents in the Periodic System. — It 
will be Been from the preceding table that the properties of 
the inert elements are in agreement with the periodic law, 
that is to say with increasing atomic weights, the properties 
undergo steady change. It wilt be noticed that with increasing 
atomic weight there is an increase in the numerical values of all 
the figures referring to the physical properties of these elements. 
Regarding their position in the periodic system, these 
elements are very interesting, as they form a transitional stage 
between the strongly electro-positive metals to the strongly 
electro-negative halogens. This will be seen from the 
following table: — 

— ' He = 4 Li = 7 

F = 19 Ne = 20 Na = 23 

CI = 35-6 Ar = 40 K = 39" 

Br = 80 Kr = 82 Rb = 85 

I = 127 Xe = 128 Cs = 133 

Electrically — Electrically Electrically -|- 

neutral. 

' !■ it not posHilil* tbat tbere is a fiftti iulogeo wiib ua atomic weight ot 
about 3 f Beccntl; J. J. TbomsoQ has stated tbat he baa obtained eridence o( 
the existence of an element of abont this atomic weight. 

* It will be Doticcd that the atomic weight of potasaium is lovrer thaa that of 
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It ma; here be mentioned that certainly one other member 
of the family of inert elements is known, and possibly more. 
These will be discuBsed under the subject of " Radio-activity " 
(Chaps. VII. and VIII.). 

In conclusion, it Beems but due to R&meay to say that his 
researches on the inert elements rank among the classic 
achievements of science. 

The experimental difficulties were often profound, and they 
were overcome by magnificent technique. The acumen he 
displayed in recognising a totally new type of chemical 
elements was a proof of the originality of his mind, and bia 
search for the one which on theoretical grounds he anticipated 
must oust, with its triumphant ending, show that his experi- 
mental skill and scientific acumen were, if possible, surpassed 
by his energy and perseverance. Can any praise be adequate 
in describing the work of the discoverer who detects and 
isolates 1 part of a substance in about 170 million parts of the 
medium in which it occurs? Yet that was exactly what 
Ramsay did in his discovery of xenon in air. 





THB BF7ECTB DP ELECTRICAL DISCHARGES 
AMD AN INTRODUCTION TO THB BUB, 



GABES tN HIGH TlOIJi 
OF RADlO-ACTIVIXt. 



The Btatament that the disco very of radio-activity has effected 
a revolution in our fundamental ideas concerning the nature 
and properties of matter seems well justified. 

The former view that the chemical elements are separate 
creations, independent of each other, is no longer tenahle, 
nor is the belief that the " atoms " of these are indiviBible 
particles. 

On the contrary, the ancient theory of a primordial element 
out of which all substances have originated has been revived, 
and there is some reason for believing that Prout's bypothesiB 
is to a certain extent jastified, namely, that the so-called atoms 
are assemblages of smaller particles ; only whereas Frout 
thought that these latter were assemblages of hydrogen 
particles, the present view is that the true atom or " electron " 
has a mass of about tt^q that of the hydrogen atom.' 

But still more remarkable than these radical changes in 
some of our fundamental ideas is the revival of the alchemical 
doctrine, namely that it is possible to transmute one element 
into another, and we shall see that this has actually been 
accomphshed. 

And lastly, a study of radio-activity has thrown light upon 
such matters as the real oauses of chemical combination, 



■ Th«rF are, bowever, teaaona for doubling thU Aimplc *i*w of the n 
•o-CKllisd " atotna " (see obkptei IX.) 

O.O.N. H 
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Talency, and the ioter-relstionsbipe of the elemeatfi which are 
embodied in the periodic system. 

" The clue which led to the discoTery of radio-aotivitj was obtamed 
from the study of eleclric discharges ia high vacuu : and the 
knowledge gained in this way has been bdispeneabte in interpreting 
iu pheQomeDa." * 

When an electric discharge of high potential takes place in 
air at ordinary pressures, its course is marked by a line of 
light in a zigzag direction, the so-called "spark" which is 
seen on a large scale in a flash of lightning. 

On diminishing the pressure the spark first becomes longer, 
and if the pressure is still further diminished, it ceases 
altogether, and the discharge becomes continuous, a coloured 



C 



1. J.— Plucker's tube. 



glow filling the tube. The colour of this glow variee with the 
nature of the particular gas through which the discharge 
passes, and when examined with the spectroscope shows 
characteristic lines which afford a ready means for identifying 
different gases. By making the tube with a constricted part 
in the middle, the glow becomes concentrated iu the narrow 
part and its brightness greatly increased ; tubes thus con- 
structed are called after their inventor " Piiicker's " tubes. 

In the majority of gases the glow is most conspicuous at a 
pressure of about ^^^ of an atmosphere. It should also be 
mentioned that no matter what gas is used, there is a blut 
glow from the negative or "cathode" terminal, separated 
from the latter by a dark space, the blue glow being quite 
distinct from the characteristic glow of the gas and the two 
being separated by another dark space. 
> " The Beequerel Raji Mid the Propeitie* ot Radium," the Hon. K. J. Btratt. 



th^n 
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^^^ 



If the exhaoBtioD ia carried further, the blue glow retreata 
towards the anode and the dark epacea become broader ; the 
characteristic glosv of the gas grows fainter and eventually 
disappears altogether. Finally, at extremely low pressures 
the dark space extends throughout the tube and a fluorescent 
patch of hght appears on the 
glass opposite the cathode ter- 
minal (which with ordinary soda 
gloss is green) no matter where 
the anode may be situated. 

The actual discoverer of these 
nagative or cathode rays is some- 
what doubtful, though the credit 
is usually given to Crookes who 
investigated them in the seventies. According to J. J. 
Thomson their discoverer was Pliicker at a much earlier 
date.' It may be also mentioned that an explanation of 
their nature on a corpuscular hypothesis appears to have 
been first made by Varley ' and independently by Crookes. 




Fio. S.— A it the anode and C the 
CKthode. Tte rays from the 
latter iravel in atraight lines 
He sbown in the figure. 



I 




The latter showed them to have very remarkable properties 
and to resemble in many ways a stream of projectiles, which, 
as we shall see, they really are. 

Thus if a small wheel with mica vanes is placed in the 
tube in such a way that the cathode rays strike the upper 
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or tiu lovN' Tuies only, the rhja behsTe like s stieam of 
VHter in causiDg the movemeDt of an ordinary water wheel. 

Among other ol the properties of the cathode rajs the 
following may be mentioDed. 

(1) Fluorttcnue, — We have seen that the tayB cause the 
giass on which they impinge to flaoreeee with a greenish 
glow, in the case of the soda glass of which sach tubes are 
generally made. The spot thus affected has the shape of the 
terminal from which the 
rays proceed. If a mica 
screen in the form of a 
cross be placed in the 
path of the rays, a shadow 
corresponding with the 
shape of the screen ap- 
pears on the glase. If 
the screen is movable, 
then on withdrawing it 
the glass formerly pro- 
tected is exposed to the 
action of the rays and 
flaorescee more strongly 
than the surroonding 
parts, which now show a Bort of " fatigue " and do not Suoresce 
BO strongly as at ^st, so that a bright green cross is seen on a 
duller green ground. 

Many other substances fluoresce with characteristically 
coloured light when placed in the trach of the cathode rays. 
Thus calc spar glows with a beautiful orange red colour, 
rabies with a deep red, while the glow of diamonds affords a 
ready means of distinguishiDg the real from the spurioas 




FlO. 10.— Shadow CMt by mica cram in ti»ck 
(rf cathode i»j». 
a Hi^hl? evBciulcd TeaseL 
b Cathode terminat. 
e Shadow on Snoiesceot glaas. 
d Mica crass abof e anode terminal. 



—If the cathode terminal has a conoare 
form, and a piece of thin platinum wire or sheet is placed in its 



(2) Heating effects.- 
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focus, on passing the current the rays are focuBaed on the 
platinum, which becomes red hot. 

(S) Chemical effects. — These deserve a closer study^ than 
apparently they have as yet received. With exceptions which 
will be referred to later, the observed changes have been chiefly 
the colouring of certain solid substances. Thus rock salt and 
ordinary soda glass become violet, it ia said, by the liberation 
of sodium ions; lithium salts are also rapidly and strongly 
coloured. Colourless corundum crystals (alumina), it is stated, 
become blue, and in that way sapphires have been produced 



F^ 






B 



Fig, 11.— Deviation ot cathode rays bj a magnetic or electrostatic force. 

artificially. The photographic action of the rays may also be 
reckoned as among the chemical changes iuduced by them. 

The explanation formerly given regarding the phenomena 
observed in connection with a " Crookes' tulie " was that in 
the latter the free paths of the gas molecules were enormously 
increased by the diminution in pressure, owing to the absence 
o! collisions. 

Let us consider some of the properties of the cathode rays 
which have led to our present ideas as to their real nature. 

(1) No matter what the gas may have been in the tube 

> See pp. 150 — 1S6 ; also Appeodix, p. 22E. 
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before the evacuation of the latter, we always get the same 
cathode rays. 

(2) They are deviated or bent oat of their coarse by either 
a magnetic or electric force. This is readily shown by means 
of the apparatus illustrated in the diagram (Fig. 11). 

A is the cathode terminal and B the anode ; the cathode 
rayB (indicated by the straight dotted line) pass through the 
narrow slits in the metal discs C C in a straight line and 
impinge on the glass at F. On applying a magnet 
at D, the rays are deflected and impinge on the glass at 
Ft or Fa, according to whether the pole of the magnet is N 




Fio. 12.— Perrin'fi tube. 

or S. Similar effects are produced by applying an electrostatic 
force at E E'. 

It is thus made clear that the cathode rays consist of 
electrically charged particles, and from the direction of the 
deviation, the charge must be one of negative electricity. 

This can be proved directly by an apparatus devised by 
Perrin ' which is shown in the accompanying diagram (Fig. 12). 

The cathode rays from A pass into the metal cylinder C 
after passing through a hole in the metal canister B, which 
latter is connected to the earth and serves to protect C from 
electrical disturbances. On connecting C with an electroscope 
and turning on the current, the electroscope is deflected in 
such a way as to show a negative charge. 

' Cimpl. ftnd. 131, p. 1130, 1896. 
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Tfaa maes, velocity and electric charge of these particles, 
which have been termed " eleotroDS," " corpuscles," etc., are 
of great importance and have been arrived at from the follow- 
ing considerations. 

Consider a beam of cathode rays, proceeding from A 
(Fig. 11), as shown in the figure, and the path of which is 
deflected by a magnetic force applied at D at right angles to 
the plane of the paper. Let V be the velocity of the particles 
and e their electric charge. Then, since there is a defiecting 
force, acting always at right angles to the plane containing the 
path of the particles and the magnetic force, the new path of 
the rays will be in the direction of a circle while in the 
magnetic field. The radius of the circle will be the greater, 
the greater the mass and the higher the velocity and the 
smaller, the more intense the magnetic field and the greater 
the electric charge : or expressed mathematically : — 

ay.B = |^ 

Where 

R = Radius of the circle. 
M = Mass of the particle. 
V = Velocity of the particle. 
e = Electric charge of the particle. 
H = Magnetic force. 
Suppose next that an electric force X be applied between 
E and E' 80 as to oppose the action of the magnetic force on the 
cathode particle and exactly to equalise it, then the cathode 
beam proceeds once more in a straight line. 
When the two forces are equal, we have : — 

X.e. = H.e.V. or, 



(2). V : 



. X 



'H" 
Now all the quantities in terms of which the velocity V of 
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Fig. is. — Leiurd rar tube A i« the aocide and 
C the cMhoie.' The nj* fnm tbe l>u« 
impm^ OD the ilummoni windtnr B 
ounenud to the meul coOv D when tboae 



Tlwre ore some otiier propertin o( the cathode nys to 
which aUentioD maj be directed, nrnmelj' : — 

(a) Tktir powen <f p autrstimf mSda, Hertz vaa the fint 
to show that thej can penetrate gold leaf, and Lenard went 
fnrUkar and showed fliat if a thin sheet of alaminiim is 
eemented orer ao opoiing at one end of the VBesmn tobe. 
certain of the rays pass through tiiis alamtnain " window." 
A better waj of demcmstrating the Lenard rays is to have the 

A window within the 

Tacaam tnbe, as 
shown in Fif[. 13. 

Theaa taja, lAoA 
eoDsist of a stnam of 
electrons of hi^ Tdo- 
city, cannot penetrate 
f&r into air, and their 
penetrating powers 

" K. proximately inversely 

as the latter'e density. ThoB, gold is 15,000 times as dense as 
air, and therefore the same absorption is prodaced by a layer of 
gold one tinit thick ss by a layer of air 15,000 times thicker. 

(b) Cathode raya "ionue" gases, that is to say, change 
some of the molecules into ions which enable the gaaee to 
condact electricity. 

(e) They also affect a photographic piste. 

A second type of rays proceeds from the anode in a high 
vacaam. They were discovered by Goldstein and were called 
by htm " Canal " rays.* They cao be obtained by means of a 
vacQum tube coDBtrocted as shown in the sabjoined diagram 
(Fig. 14). 



'Qolditein. Berlioer Siti, 39, p. 691, 1$S6, Jnn.d. PAyi. 64,p. 4E, 189S. The 
amntt (euul nja) wu lirat giTen to them [□ 1898, and thdr properties dMcdlMd 
thtu, but their occurreiiBe waa mentioaed in 1996. 
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C, the cathode ia a perforated plate. The momentum of the 
canal raye ia sufficient to carry them through the perforation, 
and like the cathode rays they produce fluoreBcence when 
they strike the glass. 

By methods similar to those employed la the investigation 
of the cathode rays, they have been shown to consist of 
positively charged particles. Consequently, they are deviable 
by a magnetic or electrostatic force, but of course, in the 
opposite direction to that of the cathode rays, and the extent 



<1 



3 



FlO. H.— Canal ray tnbe. A [a the anode and C is the cathode. (The canal 
rajs do not, like the cathode rays, proceed trom the eleotrio terminnl io the 
tube, but originate near the blue glow or even still nearer to the cathode 
tenninal.) 

of the deviation is very small in comparison with that pro- 
duced on the latter. 

"Wien ' showed that their mass was never less than that of a 
, hydrogen atom and their velocities are much less than that of 
electrons or cathode rays. Recently Sir J. J. Thomson 'has 
considerably extended our knowledge with regard to theae 
rays. He has shown that they consist of atoms or molecules 
of the gases or vapours in the tube. The charges carried hy 
these are an eiact number of times (1, 2, etc.) that carried by 
the electron. In a few cases the charge is negative. In fact 
V method of gaseous analysis has been found and some 
Mting facts regarding known and new groupings of the 
B have been discovered. 

Yet a third class of rays is produced by electrical disohargee 
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in high vacua. These vere discovered by Rontgen in 1B96, 
and are formed by the sudden stoppage of the cathode rays, 
the glasa(as already stated) fluorescing at the bombarded spot. 
In modern X ray tubes, the cathode rays are focassed 
on a slanting platinum target, the tubes or bulbs being pro- 
vided with other arrangements as to spark gap to control the 
"hardness" of the rays, etc., which need not be described. 
Such a tube or bulb is figured in the diagram given 
below, 

When a screen of fluorescent material, for example one 
coated with barium platino-cyanide (which is the material 
generally used) is brought 
near an X ray tube it 
lights up. 

Rontgen (X) rays pass 
through solid materials, 
bat their absorptioo is not 
proportional to the densi- 
ties of these latter. The 

„ so-called "Radiographs" 

FiO. IB.— Modem "X" ray tobe. , *^ 

are based on this pro- 
perty, flesh being relatively non-absorbent, while bona is 
markedly absorbent. It is unnecessary to add that Rontgen 
rays have a powerful photographic action. They are not 
deflected by a magnet. 

The nature of these somewhat mysterious rays is not known 
with certainty. 

The original view was that the sudden stoppage of the 
charged cathode ray would give rise to vibrations akin to 
those of light, which are electro-magnetic in nature, and that 
a aeries of electro-magnetic pulses due to the stoppages would 
spread out from the anode as waves do from a centre of 
disturbance. 

A later view is that the disturbance does not spread with ft 
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aniform wave front, but the energy is concentrated in bnndlsB 
over the wave front. 

Bragg suggests, however, that the X ray is the cathode ray, 
that is, the negative electron, with the addition of just enough 
positive electricity to neutralise its negative charge. 

Sdmuabt. 

When an electric current passes through a sufficiently 
evacuated tube, a high potential being then uecessary, three 
kinds of eo-called rays are produced, namely : — 

(1) Catliode. Easily deviable hy a magnetic or electro- 
static force. Fairly penetrating. They are negatively electri- 
fied particles having about j-^i^ the mass of a hydrogen atom. 

They are now practically always called electrons, but were 
formerly termed " particles," "corpuscles," etc. 

They have the same electric charge as that of a monovalent 
atom like that of hydrogen. 

{2) Canal. Less deviable by a magnetic or electrostatic 
force. Slightly penetrating. 

They are positively electrified particleB of matter which are 
never less than atomic in size, and have the same mass as the 
atoms and molecules of the residual gases or vapours in the 
tube, whatever these may be. 

(8) Rdtttgen. Non-deviable by a magnetic or electrostatic 
force. Very penetrating. 

Their nature is not known with certainty, bat it has been 
suggested that they are electro-magnetic vibrations or pulses in 
the ether, or are electrons to which enough positive electricity 
has been added to make them neutral. They are generated 
by the stoppage of the cathode rays. 
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CHAPTER VI 
THE KEWEK CEXiBSTST 

' k&DIO-AOrtTITT — TBB 4CTTTB ELEMKSTS AMD THB SATCBB Of 
TBS EITS SKTITBD FBOU IHBIC. 

TA« Becqaerd ray: — Bontgen in 1896. u alreftdy mentioiied, 
discovered that the rays issaing from tbe floortoeout epot in k 
Crooke»' tabe where the cathode rajs unpioged on the ^bsb, 
pOMMsed remarkable properties, and these rays reeeired tbe 
name o( their discoverer. 

Uecquerel asked himself the qaesdon: Woold Sooreaoenca 
produced in other ways give origin to Bdutgeo rays ? Now, 
■alta of aranium flooresce, so Becquerel ' took a photogr^ilue 
plate, wrapped it io a Ugbt-tigbt Bheath, placed some putieles 
of a aranium salt on the sheath, aod after some time foond 
that on developing the plate be bad a photograph of the salt, 

" It waj natural to conclude that Rontgen rajs had been giren off 
uhftd been thought likely. 

" Extniurdiiiary aa it may seem in the tatx of tbe result this oon- 
cliuiou, BS well an the rea&ODiug which led to it, v&s quite mUtaken. 
We iiuir knon that the fluoreHcence of tbe glass h as notbiDgto do 
with the production of the Routgeu raya. We know further that 
tli«^ fluorencence of uraaiura salts is quite unconnected with the 
inviaible rays which ihe; emit. And lastly we know that ibeae 
latter are of quite u different nature from the RiiDtgen rays. It eeeini 
a truly eitnuirdiuuiy coincidence that bo wonderful a discovery should 
result from the following up of a series of false clues. And it may 
well be doubted whether the history of science affords any parallel to 
it." » 

■ Qmpt. rrnd. 132, pp. 4!0, BOI, 659, 6119, 762, 1086 (1896). 
*"The Becquerel Baj« and the Fropertiet of Badinn," 190*. tbe Hon. 
B. J. Btratt, p. 36. 
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. Do other elements emit Becquerel raye? 

Schmidt ehowed that compounds of one, and only one then 
known element did so, namely those of thorium, an element 
having the highest atomic weight after uranimn (Th = 232. 
U = 238.) 

It is easy to show this by means of an ordinary incandes- 
oent gas mantle which eonBi3ts mainly of thorium oxide. If 
anch a mantle is cut down the centre and flattened out on the 
seseitive side of a photographic plate, the whole beiug kept 
in the dark for about a week, and the plate then developed in 
the usual way it will be found that an exact reproduction of 
the mantle haa been impressed on the plate. The " photo- 
graph " shown in Fig. 16 was thus obtained. 

Whenee comes the energy of these Becquerel rays to induce 
thia photographic effect '? 

(a) la it stored up like light in a phosphorescent substance ? 
No ; because uranium salts over a photograph plate wrapped 

in an opaque coating do not affect tfie plale more when 
exposed to sunlight than in the dark. 

(b) Does it come from the energy of the gas particles of the 
air? 

Thia on the face of it is extremely improbable, and is 
dieproTod by the fact that a uranium salt gives out its rays in 
& complete vacuum. 

The only other hypothesis is that uranium is slowly under- 
going change while giving up some of the internal energy of 
the atom. It was reserved for Madame Curie' and her 
husband to trace the source of the Becquerel rays. 

An examination of different uranium salts by that lady as to 
their power of emitting the Becquerel rays, showed that they 
were identical in that respect. This she did with a special 
electroscope of which a sketch is given in Fig. 18. 

I M. uid time. Curia mod Q. Bimmt, Qmpt. rend. 1S7, p. 1215 (1B9B). 
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The apparatus conBists of a rectaogular caae of brass with 
a clear window in front; and a sheet of ground glass at the 
back. A metal strip A supported by tbe insulating material 
B at tbe top of the case is connected with a gold leaf H, and 
also with the metal rod C which passes through the holea in 
tbe case D and D', and terminates at one end in tbe circular 
and horizontal metal plate E. A similar sheet F is attached to 
the box at G. The radio-active material is placed on tbe 
latter (after the instrument has been charged and the gold 
leaf has diverged from A). This ionises the air between G 
and F, causing a leakage of electricity from the former, and 
as a consequence the gradual 
collapse of the gold leaf. Tbe 
time required for the latter to 
fall through a certain angle 
affords a means for quantita- 
tively measuring the octivi^ 
of tbe material. 

Mme. Curie having proved 
with this instrument that tbe 
same weight of uranium, oo 
matter how combined, emitted the same amount of Becquerel 
rays, next tested pitchblende in the same manner, and found 
it to be more radiant than uranium, which ia its chief con- 
stituent. How could this be explained ? 

Mme. Curie argued that pitchblende must contain a more 
active constituent than uranium, and along with her husband 
set herself to isolate it, using the electroscope as bei 
guide. 

Eventually in 1898 compounds of two new elements were 
isolated, which latter she named radium and polonium 
respectively,' and a year later Debierne isolated compounds of 

> Poloninm wu tbe first to be disooieied. Mme. Curie, tempt, reitd. 137, 
p. 176 (1898). 
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a third Irom pitchblende, which he called actinium.' A fourth 
radio-active element o! somewhat doubtful sxistence has been 
called " radio " lead," while a fifth was diBcovered by Boltwood 
in 1907 " and named by him ionium. 

All other commonly occurring elements have been examined, 
but only in the cases of potassium and rubidium has any 
indication been found of the emiasioa of raya. "With both of 
these the activity is exceedingly feeble (see footnote, p. 64). 

These radio-active elements occur in excessively minute 
amouots, and their isolation in the form of compounds involves 
lengthy and tedious processes. The following scheme em- 
ployed by Haitinger and Ulrich in 1908 will give an idea of 
one of the modern methods and the yield. It may be 
mentioned that they were furnished by the Austrian Govern- 
ment with 10,000 kgs. of residues from SO.OOO kgs. of pitch- 
blende after the bulk of the uranium had been separated 
from the latter. From these residues they separated nearly 
S grams of radium chloride in a state approaching purity, 
the work lasting two years.^ It should be mentioned that 
the radium was initially present as sulphate. 

Outline op Method. 
The residues were washed with water to remove soluble 
Bulphates, and then boiled with fairly strong HCl : — 



Soln. 



All the Po Heated with half ita weight NftjCO, (25%) solution, 

and Ac. Mfua washed to remove soluble sulphates, then HCl 

added. This treatmiint repeated three times. All 
the Ra now preaent in the acid eitracts. These 
were precipitated with H^O, ; the preoipitata con- 
taining the Bulphatea of lead, the alkaJine earth, 

' Ompt. rend. 129. p. 593 (1899) ; 130. p. 906 (1900). 

* Wird. Altai, 69. p. 83 (1B99}. 

■ A new mdio-aclive element. Amer. J. </ SmffuM, 190T, *, 24. p. 370. 

' Uaiutahefte, 1908. 39, p. iS5. 
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metale, radium, et«. These repeatedly b«ftt«d with 
Na,CO, sol., and the insoluble residue repeiatedlj 
warmed with HCl, and lastly with water t« remoTe 
PbClj (from which radio-lead wa« eitract«d). Thia 
procesB was repeated several time*. Acid extract! 
freed from Pb by H,S, evaporated to dryness, and 
the greater part of the CaCl, extracted by HCI 
(oonc). Crude residue weighed when moist, 20 kgs, 
Repeated fractional crystallisation gave two fractions, 
one of 2 kgB., containing most of the RaCl, (leart 
sol.), the other of 11 kga. containing scarcely any. 
By repeating the fractionation of the firat fraction 
five portions were obt^ned, the least xoluble of 
which gave an atomic weight for the metal of 226, 
and weighed about half a gram. Altogether, it wu 
ealculat«d that 3 236 grama of anhydrous RaCl, mm 
obtained in the different fractions. 


The following brief account may now be given of the new 
radio-active elements : — 

/[(wiiMm.— Owing to the small quantities of radium com- 
pounds yet isolated much remains to be learnt as regards the 
element. 

The metal has been obtained by Mme. Curie.* and the 
following is copied verbatim from the abstracts of the Journal, 
of the Chemical Society? 

" The amalgam was obtained bj the electralysis of a solutioo of 
0'106 gram of perfectly pure radium cblorido with cathode of 
meroury (10 grama) and anode of platinum -iridium. After elsotro- 
lysis the Bolution contained 0-0085 gram of the salt. The 
amalgam was quite fluid, whereas with barium under similar coodj- 
tione it is partly orystalliiie. The dried amalgam was transferred to 
an iron boat and heated cautiously in a quartz tube in a current of 
hydrogen, purified by passage through the walla of a platinum tab« 

> Mme. Curie and Andre Debl^rae. d-mpt. rmd. IBIO, S33. 
» Abitracw 11., 19la, p. 816. Bee also p. 119 of tbis book. 
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heated in an electric furnace. The temperature of the boat was 
determined by a thermo-couple. Moat of the mercury waa diatilled 
at 270° C. At 400° C. the amalgam became eolid, and its melting point 
rose progressively as the mercury was driven off to 700°, when no 
more mercury volatilised, but the radium itself commenced to 
volatilise and to attack the quartz tube energetically. The boat now 
conttuned a brilliant white metal, fusing sharply in the neighbour- 
hood of 700°, which waa considered to be pure radium. It adhered 
strongly to the iron and blackened immediately on expoBuro to the 
air, probably formiag the nitride. A particle falling on white paper 
produced a blackeuiug analogous to a bum. The metal decomposed 
water energetically and dissolved for the most part, showing that 
the oxide (' hydrate ' 1) is soluble. The small, black residue 
(nitride?) dissolved completely in a very little hydrochloric acid, 
showing that no mercury was present. The penetrating rays from 
the boat containing the motal, sealed in a glass tube, showed the 
normal increase following the law of the production of the emana- 
tion. Owing to the metallic radium being much more volatile than 
barium it is proposed to purify it by sublimation in a vacuum." 

There is every reason for believing that radium ia a member 
of the family of the alkaline earth metals. Its sulphate, 
chloride, bromide, and carbonate have been prepared, and 
resemble the corresponding barium salts. The first ia even 
leBB soluble than barium sulphate : the second and third 
contain two molecules of water of crystallisatioD, as do the 
corresponding barium salts with which they are iBomorphous, 
bat are less BolubJe than the barium compounds — a property 
which ia taken advantage of for separating radium from 
barium : the carbonate is sparingly soluble. 

The salts of radium colour the flame of a Bunsen burner 
crimson, resembling in that respect compounds of strontium. 

The spectrum of radium was first examined by Demar^y.' 
With a specimen that was probably nearly pure, only three 
strong lines ot barium appeared, while the new spectrum was 
very bright. Further investigations of the spectrum have 

^^^ ' tlHjyrf, rmd. 127 p. 1218 ; 12a, [i. nfi : 131, p. 268. 
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It hM tliiiTj fcecB iMtioncd Ant rftiiam s&its impart a 
JiMOB eaOaaAon to A* Same of • Bnnsen bnmer. When 
the following additioaal 



Bu^ ... 6X90— 6S3O(OnziC0>; 6530-«T00 (BedX 

Lines ... 6Si9, 6»I9 „ 6653 

Tbs linee ftre «U sbaipl.T d«£D«d uid seven) of them hare 
sn iotsosit;^ oompWkble wiA uij knovn luies of other 
sabetuees. Sonto of diem esn be detected in the spectrum 
of prepsntioDS eootuniiig eren the merest trace of radium. 
In the final stages of the parification of radium from bariam 
Mme. Carie ased as a guide the relative intensitieB of tiro 
adja«eat lines 45S3-3 (Ra) and 4554-2 (Ba>, the intensity of the 
latter becoming exceedingly fe«ble in the last stages of the 
purification. The bands are broad and bright bat nebulous. 
Finally, it may be mentioned that the general aspect o 

■ Pnr. H.y. &e. X. p. 296. 1901 

■ ^■■. rf. /tfiL, 10. p. 6&S. I9U3. 

■ Witm. Srr., 130, p. 967, 1911. 
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radiam spectram is similar to th&t of the alkaline earths, the 
metals of that series showing strong lines accompanied viQi 
nebulous bands. 

The atomic weight oE radium has given rise to coDtroversy. 
Mme. Curie from analyses of the chloride, concluded that the 
atomic weight was '226*2 with a probable error of 0*5.' 

Later Thorp' obtained the figures 226'7 (mean of three 
determinations). 

Bunge and Precht'from spectroscopic evidence calculated 
that the atomic weight should be 258, a figure differing 
considerably from the values previously obtained. 

Marshall Watts,^ on the other hand using another relation 
between the lines of the spectram deduced much the same 
value aa Mme. Curie. The figure now given in the Intei- 
□atioual Table is 226-4.' 

0. Houigschmid ° redetermiued the atomic weight of radium 
in 1912, using as mach as 1*35 grm. of the chloride. He 
ascertained the ratios RaCla/AgCl and RaCla/Ag, employing 
the apparatus and methods of T. W. Richards. Again in 
1918' he repeated the determination with radium bromide, 
using the method of Whytlaw-Gray and Ramsay of converting 
the chloride into the bromide, and i:iee vend, with practically 
the same result. The radium salt appears to have been quite 
pure and free from even traces of barium. He found an 
atomic weight of 225"95 which ia materially different from 
the International Table figure. 

A radium salt, when freshly prepared is white, bat after a 
time becomes yellow, and finally brown. This change in 

' Le JIarft»»^ 1907. Out. 

• Prac. Ruy. Soc., 80 (l^S), p. 298. 

• P*ii. Jlft(., Aprd, li*3. 

• PhU. lllag., Jnlj, \W6. 

• Beuentl; Ura7 and Ranuay (^Proc. Roy. Soc. A., S6, p. 370, I91S) obUIned 
tbe Tulne 226-46. 

• MoaaUh. 1912, S3 pp., 253— 288. fA™. 6ij^'. J,™m.. Abs. U. 1912, p.638. 
(B«salK> Chem. Soc. Aonual &ep., Art, " KaditMuitivltj.") 

■ "--—>, 1913, p. 228. 
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colour is more marked with the impure salts containing 
barium than with the pure compouuds. Solutions of radium 
salts show a characteristic hlue luminescence which is also 
enhanced by the presence ot barium compounds. 
' All compounds of radium are luminous in the dark. 

The position of radium in the Periodic S;st«m is seen from 
the following ; 



Gl = 9 
Mg = 24 (Differ 
Ca = 40 ( 
Sr = 87 ( 
Ba = 137 ( 

? =182( 
Ea = 226 ( 

? = 271 ( 



= 46) 



•I 



Actinium. — Properly speakiag, this is not a radio-active 
element, being rayleaa, but it gives riae to radio-active 
products. 

It 18 precipitated with the group of rare earths and appears 
to be closely allied to lanthanum. Ita oxalate is precipitat-ed 
in an acid solution and is insoluble in hydrofluoric acid. 

Polonium. — ^This is found in the bismuth separated from 
pitchblende residues (as already mentioned) and it so closely 
resembles bismuth that it is impossible, or has been found 
so as yet, to separate the two. Marckwald' obtained it by 
dipping a rod of bismuth into the active solution ot the 
chloride, when the activity of the latter gradually disftppeared 
and was transferred to the rod as a black deposit, and be 
called it "Radio-tellurium." When dissolved in hydrochloric 
acid and the solution treated with hydrazine hydrochloride, 
he found that all the tellurium was precipitated, while the 
active material remained in the solution. From 850 grams 

> Btr. DnUok. Ckem. Qtt. (1903), p. 2^85 ; alw Phyt.Z^Uekr, No. 76 0902). 
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of the bisinuth eolation he eventually separated 0*6 gram of 
active material. 

Rutherford has shown that this substance is identical with 
the polonium of Mme. Curie and also with the so-called 
radium P.' 

Ionium. — This Mt&a at first mistaken for actinium. It is 
contained in carnotite, a aranium ore, and is so closely related 
to thorium that hitherto it has been found impossible to 
separate them. Its presence was first discovered by Boltwood 
in 1907.^ It has a special interest, as we shall see later 
(see pp. 173—174). 

Radio-Lead. — Elster and GeiteP found that the lead 
obtained from pitchblende was very active, bat considered 
that the activity was due to admixed radium. 

Hofmann and Strauss* also found that lead sulphate 
obtained from the same source was active, but that the 
activity was not due to foreign substances. They proposed 
the name radio-lead for it. It resembled ordinary lead in 
most of its reactions, but showed certain differences. Thus 
its sulphate was very strongly phosphorescent. 

Giesel ' was also able to obtain radio-lead, but found that 
the activity diminished with time, contrary to what Hofmann 
had found. 

In 1904, Hofmann and his colleagues' showed that the lead 
is not itself active, but gives rise to active products. 

Rutherford first,* and St. Meyer and v. Schweidlet later,'' 
appear to have proved conclusively the identity of radio-lead 



> Pauath h&a recentljr found that poIoniQn 
doM not paaa appreciably tbrough animal u: 
Radio-Iliad miij readQ; be aepanited from i 
p. 228.) 

• Amer. Jmrit. &ti., 24, p. 370, 1907; 2.'), pp. 

• Wiml. Aita.,63, ISUU, p. S3. 

• Str. DnUieh. CiMm. Ou., 1901, p. 3035. 

• Itid., p, H77n. 

• PMU. Traiu. A.. 204. p. ISa ; PhU. i{ag.. 



rcsembleB a colloid. Id that [t 
mbranes or perch nient paper, 
Ijj diHljBia. (,XaHtM, 1813, 



H'Im. B»t. IU, p. tiae ; 116, pp, G3, 697, 1906. 



p. 63<t, 19M ; 10, p. 290, 1906. 
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with radium D, which we shall coDsidar preBently, 'while the 
aotive products are ladium E and radium F. 

The rayt from radium. — It will be recalled that in a high 
vacuum tube with an electric discharge passing tlirough it, 
three different sets of rays are found, viz. : 

(1) Cathode rays. — Coniisting of "electrons," or "cor- 
puBcles." Theae have been proved to be minute particles 
whose apparent mass is about -j^q that of hydrogen atom. 
These are negatively electrified,* and have velocities of 
from ^ to ;^ that of light. They are fairly penetrating and 
very deviable by a magnetic or electrostatic force. 

(2) Canal rat/it. — These have been shown to be particles of 
matter, never less than atomic in size and consisting of the 
gases or vapours left in the tube after its evacuation, positively 
electrified, velocity considerably less than that of the cathode 
rays,* only slightly deviable and with only slight powers of 
penetration. 

(3) Rontgen (X) raye. — These light up screens of certain 
materials, e.g., barium platino-cyEinide ; induce duorescence in 
glass ; non deviable ; very penetrating. 

How do these compare with the Becquerel rays ? 

It is easy to demonstrate that the latter are not all of the 
same kind and have unequal powers of penetration, for 
example : 

To show this, if a little of a radium salt be placed in a metal 
box, on the lower plate of the Curie electroscope, the charged 
leaf soon collapses. If now the radium is removed, the 
instrument again charged, and the box containing the radium 
salt (but this time covered with a sheet of tin foil} be agaia 

' See pp. 124, ISS for tbe influenca of speed on the apptLrent mssi of ■ noTiafc 

* The velocity of particle* of small specific gmvity, Buch as those of hydrogen 
and belium, may be of the magDitude 3 x lu" cms, per second, li^ht LaTing a 
yelocltj ol 3 X 10>*. Bat tha Tolooitiei of heavier atoms an much tew. 
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brought on the inBtrument the leaves will collapse much more 
slowly. Bay in ten times the length ot time. If a second sheet 
of tin foil is next placed over the radium and the operations 
repeated, it will be found that though the additional sheet haa 
caused some retardation, it is nothing Hke so great as that 
produced by the first. 

Thus, the tin foil acts as a filter and stops the less 
penetrating rays, the second sheet not very materially 
affecting the result. 

If we next place a sheet of lead, say J in. thick, over the 
tin foil, a great reduction in the discharging effect occurs, 
while another sheet acts like the second tin foil layer in the 
first experiment. A second kind ol radiation has thus been 
stopped out, while a third has passed through both sheets of 
lead. The rays from the radium compound have thus been 
divided into three classes, viz. : — 

(1) Slightly penetrating, which have been called a-rays 

(2) More „ „ „ „ „ /9- „ 

(3) Highly „ „ „ „ „ 7- » 

All three types ot raya (a) produce " ionisation " of gases, 
that is to say, they change some of the molecules into charged 
ions, and then the gaaes are able to conduct electricity, and (b) 
all act on a photographic plate ; both of these properties being 
utilised for their detection and investigation. They also cause 
fiuorescence. Thus, diamonds duoresce with a bluish light 
when brought near a radium salt in a dark room, which 
phenomenon affords an admirable yet simple test for distin- 
guishing the true gem from an imitation stone. 

Other substances which are brilliantly tiuoreseent are zinc 
sulphide, which glows most brightly under the a-rays and 
barium platino-cyanide which ia especially sensitive to the /3 
and 7-ray3. 

The Becquetel rays also induce certain chemical tffectt, 
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ttj lofc 8^" banoH mdet %aA potash glase 
g the glAss, it again 
B blue. Bariam salts, 
I of iodoform in 
W« ifcaB ha»> ocaooa to consider other 
Aamaal chm gas tirfand bj* Ae nj* later oo.^ 

Tba i^a ban ladnB ako la oJ iita important pkystolo^ud 
eftttt aa do the Bantgoa nva, and mnch is hoped for in this 
FBspeet, in rriaticHi to ttie naa oi ladiom for corative porposee, 
tlia W*^"" Twtitwt^ faanng been ioondad with that object. 
B may also be mentioned that the eoiBtiTe propertieB of many 
Bmieral waters have been attribated to their radium conleni 

From these diffecHit |«opertie8 of die radiom lays, it will 
be Been that thcff eloaely reaemhle Unee from a Crookea' tabe, 
and we may now inqaire mom particularly into their 
indhidnal properties. 

(I) Tkt fi-rayi. — A very important property of theee rays, 
which at once associates them with the cathode rays, is their 
deviability by a magnetic or electrostatic force. This may be 
demonstrated and measored (a) by photographic methods, 
and (b) by means of the electroscope, while it may also be 
shown (c) with the aid of a flaoresceut screen. 

The general natare of the arrangement in all three methods 
is much the same. A box or tube containing the radiam * is 
placed BO that its open end iaces the photographic plate, 
electroscope or fluorescent screen, when a certain effect is 
produced on whichever of the latter is employed. On applying 
the deviating force (say that resulting from the use of a 



' By measDriii^ ihe ndii of tbe hklos foond in cerUun rocks, which u« 
formed ronnd lome iiocleas of foreign materikl, J0I7 wu sblc to sbow that the 
■iua of the circlea were eikctlj those which would be formed if the Ducleni 
wu lendiDg out rnjs. By comiiaricg the imeiuiiiea of the oiitur>l h>loe with 
tboae produred in the Ubuntorj. it has becu poasihU lo esiiauile approximuel; 
the agei o( Che rock mineralt in which the baloe uc foond. 

* A wire on which there ii ft Mdio^ctiTe deposit is ftequentif now uwd «• a 
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magnet), the position where the effect is produced is altered. 
This is indicated in the following diagram. 

The effect is produced at C when there is no deviating 
force, but at D when the latter is applied. li the poles of 
the magnet be reversed, the deflection will take place in the 
opposite direction and thus the total 
deflection to be measured is doubled. 

It should be mentioned that the 
rays are affected by the deviating 
force in the same way as the 
cathode rays, but they are not all 
deflected to the same extent, as 
will be seen from Fig. 19, and also 
from the copy of one of Becquerel's 
photographs {see Fig. 17, on plate 
facing p. 110.) 

It is thus apparent that the rays 
consist of negatively electrified 
particles, which are shot out of the 
radium salt with varying velocities. 




Fio. 19.— Photogmpliic methwl 
for demoDStruting the devU- 
tion of tbe 3-rajB from 
radium. 

A. Box or tobe containiiig Che 

radiuin. 

B. Phntngmphlc pUt«. 

C. Positioa of ttkjt without 



Their speeds and the ratio — 
^ m 

have been determined by an appli- 
cation of the principles already 
described for obtaining that ratio 
rays, and vary thus : — 

Speed la com. pel aen. 
2-36 X 10» 



D. PotltioDofrajawhen magnet 

(The mngnelio force ii applied 
at right angles Ui tbe plane 
of the paper.) 



I the case of the cathode 



Light = 3-00 X Itf" 

The particles constituting the rays are therefore moving 



■ — in electro-magnetic ai 
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nearly as taat as light and much faster than the cathode 
rays. 

The electron theorii of matter may here be mentioned, though 
it is somewhat difficult to realise. Matter and electricity 
have the property in common of inertia. Both require a force 
to start them in motion, and both when once moving. 
especially at high velocities, are difficult to stop. It is this 
property ot inertia which makes a projectile so deadly, and 
which causes a Hash of hghtniug to be equally, if not 
more so. 

The idea that matter is not material at all, bat ia a mar* 
movement of the alher, was discussed a good many years ago 
by tlie lata Lord Kelvin, but was revived in a different form 
by J. J. Thomson in 1H81. Thomson showed mathematically 
that a moving, charged electrical sphere, must possess inertia, 
due to the electro -muguetic field of force it creates by i 
motion in the surrounding ether. 

In order that this increase of inertia or apparent inci 
of mass should be perceptible, it is necessary that the ephei 
should be very small, and its speed approaching that of 1 
Lodge calculated that a muss = 1 when moving slowly, won] 
become : — 



P 



Mass 


Rate ot motion. 


1-1 


50% Speed ol Ught 


3'2a 


99., ,. „ .. 


6-00 


99-6 „ „ „ „ 


Infinite 


100, , 



In the following table the velocities for /S-raye as c 
mined by Kaufmanu are given, and the masses (M) as 
dedaced mathematically by Thomson at these velocities are 

compared with those found from the ratios — which wei 

armined by Kau^^ft"" : the masses thus catcolatad I 
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the number ot times the mass of the particle with the given 
velocity exceeds its mass for small velocities. 



v.i 


If (Thomgon). 


U (Eanlmuin).' 


2-85 


8-1 


8-09 


2-72 


2-42 


2-43 


2-69 


2-0 


2-04 


a-48 


1-66 


1'8S 


2«6 


1-5 


1-66 



As a radium salt is constantly losing ^-particles, and as 
these carry with them negative electricity, the radium salt 
should acquire in time a positive charge. This can be shown 
in a very striking way by means of an apparatus devised by 
R. J. Strutt and called by him " The Radium Clock " (Pig. 20, 
p. 126). 

The tube d containing radium is suspended by the insulat- 
ing glass rod e from the stopper b of the completely evacuated 
glass cylinder a. The radium tube is provided with a brass 
collar at /, from which two gold leaves are hung. The 
discharge of negative electricity from the radium salt in d 
caases these to slowly diverge from a positive charge until 
they touch the tin foil strips h k which are connected to earth. 
The leaves thus lose their positive charge and collapse, and 
this process repeats itself indefinitely, since the period of 
decay of radium is an exceedingly long one, thus realising as 
nearly ss possible the idea of perpetual motion. 

One other property ot the /3-rays may be mentioned. The 
cathode glow shows the spectrum of the gas in which it is 
produced. 

Sir William and Lady Hoggins photographed the spectrum 
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of luminescent radium compoands and Bhowed that it 
corresponded with that of incandescent nitrogen contained in 
the air surrounding it, thus eatablishing another point of 
resemblance between the cathode rays and the /3-rays. 

(2) The a-rays. — We owe the detection and investigation ol 
these rajB largely to the genius of Rutherford,* and as we 
shall see later, they are of extra- 
ordinary interest. It was easy to 
prove by the dififerent methods 
already mentioned that the yS-rays 
are deviable by a magnet, but it 
was very difficult, on the other 
hand, to show that the a-rays are 
also deviable, but in the opposite 
direction, because their deviability 
ia 80 slight. This was, however, 
accomplished by Rutherford,*ufling 
an apparatus similar to that already 
described (Fig. 19). Another ap- 
paratus employed by him ie shown 
in Fig. 21. 

In this, the general method em- 
ployed was to allow the rays to pass 
through narrow slits and to obaerra 
whether the rate of discharge of 
an electroBCope, due to the issuing 




Fia.aO.— " The Radium Clook." 
(From Strati's ■' Becquerel 

EftJB.") 



rays, was altered by the application of a strong magnetil 



netiofl 

msM 



The rays from a thin layer of radium passed npwi 
through a number of narrow alita, G, in parallel, and then 
through a thin layer of aluminum foil, 0'00034 cm. thick. 



> fllii. Mof., Feb., 1B03 ; Pliyi. Zfilichr., p. 335, 1903, ftnd ii 
'**«PJW. Jdv-. W- P- W8, 1806. 
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^nfhu} of Hvdrottn 



into the testiDg vesBel V. The ionisation produced by the 
rajB in the testing vessel was measured by the rate of move- 
ment of the leaf of an electroscope B. The gold leaf eystem 
was insulated inside the veeeel by a sulphur bead C, and 
could be charged by meana of a movable wire D, which was 
afterwards earthed. The rate of movemeut of the gold leaf 
was observed through Bmall mica windows in the testing 
vessel by means of a micro- 
scope provided with a micro- 
meter eye-piece. 

In order to increase the 
ionisation in the testing 
vessel, the rays passed 
through 20 to 25 slits of 
equal width, placed side by 
Bide. 

The magnetic field was 
applied perpendicular to 
the plane of the paper, and 
parallel to the plane of the 
slits. The rays are thus 
deflected in a direction per- 
pendicular to the plane of 
the alite, and a very small amount of deviation is sufficient to 
cause the rays to impinge on the sides of the plate, where 
they are absorbed. 

The testing vessel and system of plates were waxed to a 
lead plate P, so that the rays entered the vessel V only 
through the aluminum foil. It is necessary in these 
experiments to have a steady stream of gas passing down- 
wards between the plates, in order to prevent the diffusion of 
the emanation from the radium upwards into the testing 
vessel. The presence in the testing vessel of a small amount 
of this emanation, which is always given out by radium, 




— Hittherford'B ajiparatua Cor 
jnvefliigating a-rajg. 
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would prodace great ionisation and complete); mask the effect 
to be observed. For thia purpose a steady current of dry 
electrolytic hydrogen, of about 2 c.o. per second, wae passed 
into the testing vesse!, streamed throngh the porous aluminum 
foil, and passed between the plates carrying the emanation 
with it away from the apparatus. The use of a stream of 
hydrogen, instead of air, greatly simplifies the experiment, 
for it increases the ionisation current due to the a-rays in the 
testing vessel, and at the same time greatly diminUhea that 
due to the j8- and y-raya. Thia is caused by the fact that 
the a-raye are much more readily absorbed in air than in 
hydrogen, while the rate of production of ions due to the 
j9- and 7-ray8 is much less in hydrogen than in air. The 
intensity of the a-rays after passing between the plates is 
consequently greater when hydrogen is used ; and since the 
raye pass through a sufficient diatance of hydrogen in the 
testing vessel to be largely absorbed, the total amount of 
ionisation produced by them is greater with hydrogen than 
with air.' 

Prom the magnetic and electrostatic deflection of the a-raya, 
Butherford proved that : — 

V = about T^s that of light; —= about 5 X 10« (electro- 
magnetic units). 
The value of — for the hydrogen atom liberated in 

the electrolyaia of water is 10* (in the same units). Assum- 
ing the charge carried by the a-particle to be twice that 
carried by the hydrogen atom, the mass of the a-particle is 
about four times that of the hydrogen atom. We shall aee that 
the question of the mass of the a-particle is one of the greatest 
importance, and Rutherford's further investigations on the 
subject will be discussed in a later chapter (see pp. 155 — 160). 
' BatherfonL " Badio-MtiTitj." 
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A very baaatiful instrument tov observing an effect of the 
a-partieles was devised by Crookes, and was called by him the 
" Spinthariscope." A small fragment of radium or polonium 
compound, or even of the mineral pitchblende, is fixed several 
millimetres away from a small zinc sulphide screen. Above 
this screen is a lens. On looking through the latter in a 
completely dark room, bright spots of light are seen to 
flash out on a perfectly dark background. The effect is 
like the sudden appearance of stars in a starless sky, each 
instantaneously disappearing to be replaced by others. Theee 
scintillations are caused by the impact of the a-partictes on 
the zinc sulphide, each heiug caused by a single particle. 
Becquerel's opinion was that the crystals of the zinc compound 
are actually fractured. If two pieces of loaf sugar are rubbed 
together in the dark, they become luminous, probably from a 
similar cause,' We shall see later on that the actual number 
of a-particles expelled from a given weight of a radium salt 
can be counted by the scintillations which they produce. 

The y-raif». — ^These are the most penetrating of all the rays 
emitted from radium, and were discovered by Villard in 1900,^ 
So penetrating are they that, using 30 mgs. of radium bromide, 
they will pierce an iron plate 30 cms. thick. 

Like the other rays, they ionise gases, act on a photographic 
plate, and cause certain substances to fluoresce, e.g., barium 
platinocyanide. 

They are distinguished from the a- and ^-rays by not being 
deviable by a magnetic or electrostatic force, and apparently 
are neutral electrically. 

7- and ^-raya appear always to go together, and are related 
in their proportions. 

■ Later work has led to the belief, haweter, that the icintillatious Hre dUB to 
the bre^kiiig up ot the laoleculea or aggregates of nmleoulcs, und uot to tbe 
mechanicAl disruptian ol tbe cr^Btuls (KutbeiFurd, Prac. Ray. Soc. A., 83, 
p. Mi, 1910> 

■ Cbmpt. rend., 130, pp. 1010, 1178. 

C.O.N. K 
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The BvaUable evidence ehows that there c&n be little donbt 
that y-t&sB are of the type of very penetrating X-rays. The 
faypotheees as to the exact nature of these X- (or Ronlgeo) rays 
have already been discussed. It has not yet, however, been 




+ 
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possible to obtain evidence which would enable a definite 
decision to be arrived at on this subject. 

We may summarise the chief properties of the three typea 
of rays emitted from radium as follows :^ 

(1) a-rays. Positively electrified particles whose mass is 
larger than that of a hydrogen atom. Slightly deviable by a 
magaetic or electrostatic force. Slightly penetrating. Velocity 
about ^ that of light. May be compared with the canal rays 
of a Crookes' tube. 

(2) /J-rays. Negatively electrified particles of slmil&i mass 
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to tbat of the cathode rays (n^ that of hydrogen atom). 
Strongly deviable by a magnetic or elaetrostatie force. Fairly 
penetrating. Very high velocity varying from J to -fj, that of 
light. Reeemble the Cathode rays of a Crookes' tuhe, hot 
have a higher velocity. 

(8) y-raya. Apparently electrically ngutral. Non-deviable 
by a magnetic or electrostatic force. Very penetrating. 
Velocity probably very high and approaching that of light. 
Bxact nature unknown. Resemble Rontgen or X-rays. 

Some of the above properties are illustrated by Fig. 22, part 
of which was suggested by Mme. Curie. 

APPENDIX TO RADIO-ACTIVE ELEMENTS. 

Ukanium. — Klaproth, in 1789, Buapected the pteaeuce of a new 
metal in the minenkl pitchblende (previously raiatakeu for an ore of 
sine) to which he gave the name of uranium, from that of the planet 
Uranus. The metal was first isolated by Peligot in 1842. 

EsTRACTioK. — Pitchhiende {impure UjO„), after being roasted to 
drive off sulphur, areenic and molybdennni, is again roasted with 
sodium carbonate (and a little nitrate). The resulting mass (con- 
taining sodium uranate) is treated with water, and the insoluble 
residue with dilute sulphuric acid which dissolves the uranium. 
The solution is evaporated and heated to drive off the excess of aoid, 
and the residue extracted with water which dissolves impure uranyl 
sulphate. To the solution of this, ejcess of sodium carbonate is 
added, and the precipitate, containing iron, aluminum, nickel and 
cobalt, allowed to subside ; the solution is next decanted and precipi- 
tated with caustic soda, when the commercial oxide of uranium is 
obtained . 

The nutal varies somewhat in properties, according to the method 
employed for its isolation. Obtained by reducing U,0, in the 
electric funmce, it is malleable, hard and of much tlie same colour as 
nickel and can be ])olished. It is permanent iu the air at ordinary 
temperatures, but when powdered fires at about 170°. It decomposes 
water. 

CoHPOUKDs.— Uranium functions as a heiad in UO, and in uranyl 
compouuds (UO,"), also as a tetrad iu UC1„ etc., while in U,Og=: 
2U0], UO, it behaves aa both hexad and tetrad ; its compouuds are 




■MM Ae ndkd 
on anaji ehloridei 



■cm aai mt V/\. Tdkw oTsteb 
t (C^ mi V^r-VA «r COW SUO, Gram oxide. 



iln kwn : UC^ CCV CO, 
k 1818 BerarfiOT Atmg^ thai W bad obuined » new 
d afctMwwl ban FaUon, vkich he called thorin, 
but aftervwdi he ilftiitd Um —[yoMjd aew eulb as conMBting 
ehieflj of Tttnwa pboaphato Ten 7«an kter Esmu^ discovei^, 
B0>r Bnn^ in Kot««j, tW aunMrnl now knovn u titoriu and from 
the Utter Benelioi obteioed Uie tnte tboria. 

OocimncrcK. — The foUowing an a few of the chief thorium 



Thorite, ThSiO. Monazite {one of the chief commercial soiireei). 
Chiefly (CeLaDi)PO, but contains from 5—7 per cent of ThO,. 

Tborianite. A newlj discovered mineral, mainly TbO^, but contains 
a considerable proportion of uranium oiidea and smaller quan- 
tities of other oxides, e.g., PbO. This mineral is remarkable for 
itA belium content, 1 gram of it when heated yielding as much 

ExTB4CTios OF Tboridm CojiPOC.NDS.^l) From Ikoria. The 
mineral is evaporated to dryness with strong sulphuric acid, the reettlt- 
iog thonum sulphate dissolved out by cold water and precipitated as a 
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basic salt OD boiling the solution. (3) FTom monazite. The minerftl 
is heated, as before, with utroiig sulphuric acid, treated with water and 
boiled with oxalic acid, when thorium oxalate is precipitated. 

The meial may be obtained eitlier by heating the double chloride 
of thorium and potasHium with sodium, or by beating the double 
fluoride of thorium and potassium with potassium, It is known in 
two forms, viz. (a) greyish glistening powder, (b) crystalline. 

It ifl stable in air, and does not decompose water. It unites directly 
with chlorine, bromine and iodine when heated in them, and in doing 
so glows. Itia soluble in dilute hydrochloric and sulphuric acids, 
and in concentrated sulphuric acids, when heated, with evolution of 
SO,. It ia only attaL:ked very alowly by nitric acid, and is not 
attacked by alkalies. 

CoHFoUNDB. — Thorium belongs to the same group of elements as 
titanium, zirconium, and cerium, but diSera from them in forming an 
oxide, Th,0,. The following is a conspectus of some of its chief 
compounds : — 
TbOa. White powder formed on the ignition of the hydrate, Th(OH),. 

This oxide (thoria), with about 1 per cent of cerium oiide, 

constitutes the material of which incandescent mantles are made. 
ThCt,. Sublimes when chlorine is passed over a heated mixture of 

thoria and charcoal. It forma cryetalline hydrates and double 

salts with KCland NH.Cl. 
ThF„ 4H)0. Is formed as a gelatinous white precipitate when on 

alkaline fluoride is added to a solution of a thorium salt. 
Tli(SO()„ 9H,0. Colourless crystals. Forma double salts with 

alkaline sulphates. 
Th(NO,)„ I2H,0. Colourless crystals. 
Th(C,0,)„ 2H,0. Insoluble in water. 
Th(CtH70,),. Thoriiun aoetouyl-acetone ; soluble in chloroform aud 

alcohol ; can be distilled in vacuo ; may be employed for the 

sep&r&tiou and purification of the element. 
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THE NEWER CHEMISTEY. 

EiDIO-ACTIVITY {continued) — BMiNATIONS, PAIIT 1. — OENB^ 

NATURE OF BMANAnONS — ACTITE DEPOSITS — GRAY AND 
OAMSAT's first BBSEARCHE8 ON THE EMANATION FEOW RADIDU 
— MODERN ALCHEMY AND TUE NATURE OF HELICM. 

Enuinations. — As early as 1899 it was found (by Owens)' 
that curreots of air disturb the radiatioD effects of thorium 
salts, aa measured hy electrical methods. Rutherford* (1900) 
Bliowed that these derivatives liberate soraethiog like a gas 
which he termed an " Emanation," That it was of the 
nature of a gas, he demonstrated chiefly by the facts that it 
can be mingled with air, etc., blown through liquids and 
that its escape can be hindered by a stopper. In the same 
year it was discovered (by Dorn) * that radium evolves a 
sioiilar emanation. This can be extracted from a radium salt 
by dissolving the latter in water, and either (a) bubbling air 
through the suhition or (b) pumping the dissolved gases out. 

The emanation thus diluted can be examined :— 

(1) Electrically, when it is found to give off a-particles 
only. 

(2) By a zinc sulphide screen which it causes to phosphoreace 
most brilliantly. 

(8) By cooling with liquid air, when it condenses into a 
brilliant patch which glows in ihe dark. 

The emanation can be collected at a given time and 

" Phil. Mag., Oct., IS'Ji), p, 360. 

» J*nf.,p. I, Jan. 1900. 

* Abh. (1. Naturtorsch Qet. t. HAlle-«-B., liKX). 
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examined periodically ^ith the electroscope, while its source, 
the solution of the radium salt, eau be similarly examined. 

The results are very remarkable. 

The emanation when collected from the radium salt is very 
active, while the radium salt has lost its activity. 

But while the emanation "decays" or loses its activity 
according to a definite law as regards time, the radium salt 
"recovers" or regains its activity — the curves for rate of 
decay and rate of recovery being complementary to each other 
thus: — 
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Flu. 33.— Decay and recoverj ci 
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Similar facts have been ascertained about other radio-active 
bodies. 

Thus, the activity of both uranium and thorium can be 
precipitated by ammonia, the precipitates containing what 
have been called " Uranium X"' and " Thorium X," these 

> Crookea was the first to ahoir (io 1900) that when a uraniuia salt was preci. 
pitated bj aaimoriium carbonate, the reagent being in eicesi, the small preci- 
pitate remaiaiug was photographically actlTe while the solution of the anuiiimi 
■alt separated ^om the piecipitate was inactive. He named the active coa- 
stituent " Uranium X," and Bhowed that pholcgrapblcally it wag weight for 
weight seTeral hundred times more actlye than ttie original salt. He also 
gbawed Chat th? actiTC conslilDent diSered from the inactive iialt in being 
insoluble in ether, so that on treating an ordinatj; uranium salt viitli ether, the 
inacUTe part was dissolved while the active conitituent remained. 




■tcMbte 

mJ dtdPMl fnfmlim c— h> JTitiBilBJ This baa I 

ddM; via ih* rantt (hat it woaU ^ipMt to caont at aeveni 

TWy't ma aJ Mi 'd — iti, i » Jo rt a ra of«faMteio8ientiMtnre: 
tlan btng tb« racBBwiWi pwd tt i in the transformatioQ 
faom the ananatioD to tiia inal itage which is known at 
p rea e n t, naowlj, Bs F or poloiiiBiii. 

The first is called "Radium A." Its "haU-Ufe" is three 
miontcs. It emits a-rsjs onlj and cbemicallj it behaves as a 
sotid, ia deposited on the sariacee of bodies, is concentrated 
OD the cathode in an eleetnc field. Volatilises at sboat 
400 — 5S(P C, and is solable in acids. 

The second is called " Radium B." Its " haU-UEe " is ■ 



) Qmjit. rend., I», p. 714. 1889. 
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twenty-seven minutes. It emits ^ and y ^f^y^ Ati<l is aoluble 
in acids. It is more volatile than A or C, and is said to 
precipitate along with barium sulphate. 

The third is called " Radium C." Its " ha!f-hfe " is about 
twenty minutea. It emits a, ^ and 7-rayB, is soluble in acids, 
deposits on nickel and copper andvolfttiliees at about 1000° C* 

" Radium C " gives rise to a branch product " Radium Ca " 
but in addition it passee into "Radium D" (which Ramsay 
and Cameron were successful in depositing from the emana- 
tion at the conical end of a very fine capillary tube, and found 
that "it was a grey lustrous metal, and when oxygen was 
Eidmitted and the tube heated, the metallic lustre dis- 
appeared "^. 

The " halt-life " of "Radium D" is about seventeen years. 
It emits' slow fi rays, is said to be soluble in strong acids, and 
to be volatile below 1000° C, and is also called radio-lead. The 
latter in its turn becomes Ra E and this in its turn Ra F or 
polonium. 

We shall return to the subjects of the origin and dis- 
integratioQ products of radium later. 

Actinium X and Thorium X give rise to the other two 
emanations of the radio-active series, these emanations in 
their turn also giving active deposits, which may be collected 
like the corresponding deposit from the radium emanation 
(Niton), but best by bringing a negatively charged wire or plate 
into the vessel containing the emanation. On the whole the 
active deposits from actinium and thorium resemble those 

I It has been shown lecently that Ba C ia not a simple substance, bnt coiuuts 
of Iwo componentg. C| and Ci — the first having a half-life period ol 196 
minates and the second of only 1-8S niniilca. So Cur, only rery smkll quanti- 
ties of the latter have been obtained. This Is best accunipliaheil by what is 
called " tecoili" that is to say, by placing a negatively charged receiving plate 
(beet in vacoo) at a short distance from the active depusit, when at tbe moment 
ol its production C, is largely projected from the ao live deposit and collect* on 
the receiving plate. Thia method baa been used guccesafaUy in othercases, r^., 
in that of "Actimum D." 

1 Bamsay. Presidential address, Chem. Boc., 1909 (Traug. p. 627). 
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from radium, bo far at least as in being goluble in acids. 
Tolatilieing when heated, etc. 
The foUowiag conspectas of the three active depositti may 
1 be given : — 

Radium Bebies. 


Element. 


Life period. 


Bay, emitted. 


1 


Niton (Badium emanation) 

BaA 

Ra B 

RaC 

BaC, 

Ra D (Hadio-Lead) . 

RaE 

Ra F (Polonium) 


5-55 DajB 

4-32 Minutes 
38-7 
28-1 

2-0 
23-8 Years 

7-2 Days 
I960 „ 


». (9,7 

yS 
03) 
A 7 

a 


1 Actinium Serihs. 


■ 


Life perial. 


BsyB emitlcd. 


5 1 


Emanation 

Ao A 

Ac B 

Ac 

Ac D 

Ac E (unknown) 


5-6 Seconds. 
00029 ., 
52 Minutes 

3-0 

6-8 „ 


Rayless 


^^ Thobium Series. 


Element- 


Life periud. 


R*7« emitted. ,'^ 


^1 

1 


Emanation 

Th A . 

Th E . 

Th Oi 

ThO, 

Th D . 

Th E (unknown) 






78 Seconds 

0-20 „ 

15-3 Hours 

84-6 Minutes 

? 

4-47 „ 




' Cfl) MgnifieB rajB of Terj low velocUr, ami an b consequence cuitj ftiMorbed. 
^^^ Bach raji are ap^iken of aa Iwing " loft/' ^^^ 
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An account may now be given of the first inTestigationa on 
the emanation (rom radifiio made by Gray and Ramsay.' 

We have seen that it has the properties of a gas, and 
Rutherford and Soddy on the one hand, and Ramsay and 
Soddy on the other, demonstrated in 190'2-1903 that in its 
general chemiual characters it liehaved like one of the inert 
gases, such as argon, etc. It was further shown to obey 
Boyle's Law and to have a definite spectrum. 

Various observers sought to determine ita atomic weight 
Irom its rate of diffusion, the one method then available, and 
results were obtained Vflryiog from 176 to 235, 

In 1909 Gray and Ramsay in a remarkable research suc- 
ceeded in determining many of its physical constants, and 
believed that they had succeeded in dedncing its atomic weight 
from these and also its position in the periodic system. 

The experimental difficulties can only be described as 
immense — the total volume of gas available tor investigation 
at any time being only about -^ cub. mm., i.e., a volume con- 
siderably less than that of the head of an ordinary pin! 

With this minute quantity, however. Gray and Ramsay made 
the following determinations : — 



(1) Meltiug point 

(2) Boiling ,. 

(3) Critical temporature 

(4) „ presBupe 


= - 71° C. (202° aba.) 
= - 62° „ (211° ,. ) 
= +104-6°,, (377-6°„ ) 
= 47,460 mm. (62-4 at».) 


(5) Vapour 


various . 

„ obBOP. I 

vations ' 


= 500 mm. at 202° (aba.) 
= 47,460 mm. at 377-5° (aba.) 



The following are the more important details as regards the 
actual investigation :— 

The total quantity of crystallised radium bromide available 
was 0'3942 grm., containing 0'2111 grm. of metallic radium, 
' Tra-u. CHem. Sec, 1909, p. 1073. 
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This was dissolved in water, the bulbs containing the solution 
being connected with a Topler pump, so that the gases pio* 
duoed by the action of the radium Bait on the water, namely 
hydrogen and oxygen, could be pumped off along with the 
emanation as often ae required. 

These gases, amounting on an average to i5 c.c. evQiy 
seven days, were transferred to a col- 
lectiug tube, coated on its interior with 
fused caustic potash (to absorb any 
carbonic anhydride), and after about an 
hour there, were then passed into as 
explosion burette (previously washed 
out with pure hydrogen) and there 
exploded. The residue consisted of 
the emanation and hydrogen and 
amounted to about 0"2 c.c. for a seven 
days collection. This residue was 
transferred to a small tube coated with 
fused caustic potash on the inside and 
the burette from which it was trans- 
ferred was washed out with a little pure 
hydrogen (which was added to the 
bulk of the emanation) and the mix- 
ture transferred to the apparatus 
shown in Fig. 24. 

This was done through A, with a 
number of precautions which need 
not be described. Here it was treated 
with pure and recently prepared quicklime to remove water 
and any traces of carbonic anhydride, and then cooled by 
surrounding the tube with liquid air in a moist paper cone at 
J as shown in the sketch, when the emanation solidified. 
The apparatus was then completely evacuated through the 
D ; the liquid air removed, when the emanation volatilised 




a. 24. — Gray and Rnm- 
mlj'b nppsratiis [or in- 
ve8tl)[aciuf; the radium 
emanBtion (iiftoti). 
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ind its volume 


read at M. Finally the tube was cu 


at N and ^^M 


mounted in a compreBsion apparatus of the Andrews type. ^^^H 


Gray and Raniaay'B 


paper may now he quoted verbatim. ^^^| 


RiDiBM Emanation and tbb Periodic Law. ^^^^ 


H. 


He. 


Li. 


Gl. 


N. 


^ 


1 


4 


7 


9 


14 


H 


(18) 


(16) 


(16) 


(15) 


(17) 


(16) ^H 


F. 


Ne. 


Na. 


Mg. 


P. 


■ 


19 


20 


23 


24 


SI 


H 


(16-5) 


(20) 


(16) 


(16) 


(44) 


(47) ^M 


CI. 


Ar. 


K. 


Ca. 


As. 


H 


SG'5 


40 


39 


40 


76 


^H 


(44-6) 


(43) 


(46) 


(47) 


(45) 


(48) ^H 


Br. 


Kr. 


Rb. 


Sr. 


8b. 


H 


80 


83 


86 


87 


120 


127 ^H 


(47) 


(18) 


(48) 


(40) 


(44) 


(42) ^H 


I. 


Xo. 


Cs. 


Bn. 


? 


H 


127 


131 


183 


137 


164 


169 ^H 


(44) 


(44) 


(44) 


(46) 


(44) 


^M 


? 


? 


? 


? 


Bi. 


H 


171 


175 


177 


182 


208 


212 ^H 


(44) 


(44) 


(44) 


(44) 


(44) 


^H 


? 


? 


? 


Ha. 


■f 


^1 


216 


219 


2-21 


226-4 


2.52 


257 ^H 


(44) 


(44) 


(44) 


(45) 




^^H 


? 


? 


? 


? 




^^^1 


259 


203 


265 


271 




■ 


(The form of tliia 


table is 


different 


from that 


given in ^^H 


Gray and Ramsay's 


original 


japer, the vertical s 


eries hare ^H 


given forming 


tlie horizontal series in that paper.) 
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" An eicerpt 


from 111 


e periodic 


lable eho 


MS the [ii-obitble ntomic ^^^| 


weigbta of the liiglier members of tlie ueriee 


of which helium iathe ^^M 
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Gnt member It is obTJoualj poasible to decide which of the 

inactive gaaes occupies the position of the elemeots with atomic 
weigbu 175, 219, and 263 b; determiDm^ their Tapour pressures." 

This 13 not bo obvions to the ordinary chemist until 
Gray and Bamaay's diagrams next given are stadied. 

" In Fig. I (Fig, 25) iire shovn the boiling-poiuts and critical potntt 
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of argon, krypton aud leuou plotted agttluHt moleuular weiglita. The 
lines lie on the arc of a circle, and thia arc, if prolonged, outs the 
ordinate on which the boiliug i.>oint lies at the point repreaenting the 
atomic weight 176. The critical point also lies otvA similar arc, and 
gives the same value for the atomic weight of the emanation. If, on 
the other hand, the atomic weight be taken as 219, that of the second 
element after xenon, the boiling-point would bo 2C0 abs., 49 deffrees 
higher, and the critical tcnij>eratiire, insteiid of 377'S, would be 
130 abs. — no leu than 63 degrees higher. Looking at the qu«atioQ 
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from another point of view, the boiling and critical temperatures 
h&Te been mapped ou the aafiuiuptiou that the atomiu weight ie 219, 
it is evident that in no case could curves be drawn which with any 
probability would pass through these points. 

" Lastly, as seen in Fig. 2 (fig. 26), the critical preaaares of argon, 
krypton and xenon also lie on the arc of a circle having a much smaller 
radius than circles passing through the boiling and critical tempera- 
tures ; this makes it more doubtful whether the position assigned to 
the emanation on the arc of this circle is justified, but if it be 
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L placed on the circle, the atomic weight is again indicated as approii- 
( mately 176. The volume of gas obtainable from unit volume of 

I liquid has also been measured, but it is impossible to draw any useful 
deduction from tliia ratio, for if the density of the gas be taken as 
I '^t the liquid hi\a a density which places it on a point on the almost 
k straight tine joining the densities of liquid argon, krypton and xenon 
' mapped against the atomic weights nearly on th« 176 ordinate. If, 
however, the liquid be aasumed to be derived from a gas of density 
^^, its density is prop nrtion ate ly higher, and it fits the curve at a 
pcmit where the 219 ordinate intersects it." 
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It may be at once stated that, for reaBons to be given 
preaently. Gray and Bamsay abandoned the atomic weight of 
176 for the emanation and eventaally found a much higher 
figure. 

Propertiet of tlit liquid emanation. — "The liquid emanation ia 
colourleaa, and traoaparent aa water when seen by transmitted light ; 
it ia, however, phosphorescent and shines with a colour varying with 
the nature of the glass tube in which it is confiQed ; it might l>e 
more correct to say that it cauaea the glass to phosphoresce. The 
colour varies from lilac to blue ; in silica it is blue ; in lead-potash 
glass, bluish-groen, and in soda glass lilac. When compreased 
strongly in soda glass, the colour remiuds one of the cyanogen Bmtat, 
at once blue and pink. On cooling further the liquid solidilies, and 
ceases to traQamlt light ; on warming it again becomes transparent. 
This gave a means of determinbg its melting point, using a pentane 
thermometer, which registered correctly at 78-3. The actual 
temperature at which the emanation melts is 71." 

Properliet of the solid emanation. — " On further cooling with 
alcohol cooled with liquid air, the colour of the phosphoresoence 
changes. The aolid glows with great brilliancy, like a small steel 
blue arc liglit. Further reduction of temperature changes the colour 
to yellow, and in liquid air it ia brilliant orange red, the colour 
change takes place in inverse order on warming. The red phos- 
phorescence disappears pretty sharply at 118 degrees. All theM 
phenomena wore observed with a microscope the objective of vhich 
was about one inch focal length." 

Spectrum of the emanation. — First mapped in 1904 by 
Kamsay and Collie, and later in 1908 by Butlierford and 
Royda, also by Cameron and Ramsay and finally by Wataon,' 
shows about 60 characteristic lines. 

Other properties of the emanation. — (1) Evolution of energy. — 
Recent work (in Exner's laboratory at Vienna) indicatea 
that the heat evolution per gram of radium is 118 calories per 
hour, and Rutherford has shown that the emanation, with its 
rapidly decaying products (which will be considered presently), 

) Watson, Frae. itoy. Soc., 1909, A. 63, 60~«l. 
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Bvolvea a qoantity of heat about | of that evolved by the 
radium from which they are derived, or nearly 90 cals. per 
hoar. 

(2) Emiation of rays. — The emanation emits a-raya only, 

(3) Chemical actums. — These have been investigated mainly 
by Ramsay alone with his collaborators. The following changes 
have been proved. 

(a) It decomposes water into hydrogen and osygen, but 
there is always an excess of hydrogen over the theoretical 
quantity, amounting to about b\ per cent. Apparently this is 
due to simultaneous production of hydrogen dioxide. 

(b) Conversely hydrogen and oxygen combine when in 
coDtact with the emanation. 

(c) Ammonia splits into nitrogen and hydrogen. 

(d) Hydrochloric acid into chlorine and hydrogen. 

(e) Carbonic anhydride, into carbon, carbonic oxide and 
oxygen. 

(f) Carbonic oxide, into carbon, carbonic anhydride and 
oxygen. 

It will be seen that many of these actions are the same 
as those brought about by electricity, and we kuotv that the 
emanation is continuously giving off a-particles, and that 
these have enormous "ionising" powers. 

" If we aiippoae tbat a mixture of hydrogen and oxygen is bom- 
barded with a-particles so Ihat charged iona of both gases are 
produced, partial combiuatiou of the two gases is rendered certain. 
The effect of liberatiou of partiolea iu water might be expected to be 
much greater. Compare tbe etlect of a charge of gun-cotton 
exploded in a confined, and in an open space. The collision diarupta 
inniimerahje molecules of water, producing charged atoms of 
hydrogen and oxygen. Some of these recumhioe. The part that 
escapes recombination produces the changes in volume which are 
actually measured " (Ramsay and Gray). 

However, some of Ramsay and Gra}''s results do not quite 
lit in with this explanation (as they indeed draw attention to), 

C.O.N. L 
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BO that the esact mechanism inducing the cbemical changes 
hrought about by the emanation is not known with certainty. 
This much, however, seems beyond doubt from Ramsay and 
Cameron's quantitative results, that whenever the emanation 
produces chemical action, then, other conditions being unaltered, ' 
each particU of eviaTtatioH ae it disintegrates produces the sami 
amount of change (Ramsay aud Cameron). 

Hflinni from Radium. — We must now retrace our steps, 
chronologically speaking, to the years 1903^ — 1904, when 
perhaps the moat startling discovery^ at least from the 
chemist's point of view — yet made in connection with radium 
resulted from Ramsay and Soddy's investigation of the 
emanation. 

In 1902 Rutherford and Soddy' had concluded that the 
emanation from thorium " is a chemically inert gas analogous 
to the members ot the argon family," and in their paper they 
say "the speculation naturally arises, whether the presence of 
hehum in minerals and its invariable association with uranium j 
and thorium may not be coruiected with their radio-activity?" I 

A year later Ramsay and Soddy^ published a memorable I 
paper on " Badio-activity and the Production of Helium from | 
Radium." 

"The maximum amouoL of the eoianation from 50 mga. ot ' 
radium bromide was conveyed by meaos of oxygen into a U tube 
cooled in liquid air, and the latter was then extracted with the ' 
pump. It was iheu washed out with a little fresh oxygen, • 
which was again pumped oiT. The vacuum tube aealcd on to the 
U tube after removing the liquid air ahowed no trace of helium. I 
The apectrum was apparently a new one, pruliably that of tbe 
emanation, but tbi» has not yet been completely examined, and we 1 
hope to publish further details shortly. After standing from the 17th ■ 
to the 21st inat. the helium spectrum appeared, and the chnnicteriBtic I 
lines were observed identiwil in position with those ot a helium 
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tube thrown iuto the field of vision at the same time. On the 22Dd 
the yellow, the green, the tn'o blues and the violet were seen, and 
in addition the three nen lines also present in the helium obtained 
from radium. A confirmatory ex pen mcut gave identical results." 

Ramsay and Soddy returned to the subject in a paper read 
in 1904, confirming their previous resuita, with an additional 
and important obsfirvation, viz., that the emanation suEfers an 
enormous contraction on keeping — amounting in four weeks to 
about 97 per cent. As other obBervera have confirmed the pro- 
duction of helium from radium, and Debierne has also obtained 
it from actinium, there can be no pomihie doubt that the 
correctnesB of the alehemical idea has been dnnonitralcd,vii,,tke 
possibility of one clement giving origin to another. 

It was but natural that Kamsay should follow up this 
matter and ask himseH the question, May not other elementB 
or their compounds be smashed up — so to speak — under 
the bombardment of the a-rays and give rise to different 
elements ? 

Accordingly he submitted various substances to the action 
of the emanation, with some very remarkable results. And 
in this connection the author may quote from Ramsay's 
Presidential Address to the Chemical Society in 1909. 

"Owing to the fact that during this transformation {i.e., 
radium into helium) the energy evolved is in the moat concentrated 
form known, and that the emanation from radium is fairly easily 
soluble in water, and therefore in aqueous solutions, the action of 
the emanation on a solution of copper sulphate and nitrate was 
investigated, glass veBsels being employed. Four experiments were 
made, each one in duplicate ; the duplicate was in each case treated 
like the solutiou containing emanation. The only difference was 
that the duplicate solutions contained no emanation. From the 
emanation solutions a larger residue was obtained in each cose thnn 
from the duplicate, and while the residue from the emanation 
solutions showed a trace of lithium, those from the dnplioates 
failed to give apectroscopic evidence of that metal. The fact of the 
experiments having been carried out iu duplicate renders iuapplicabla 
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the critictsms of Prof. Hartley, that inasmuch as lithium is a widely 
distributed deineut, accidental contAmiuatioa is probable. But the 
alleged repetittoD of the esperimenta by Madame Curie and Mile. 
Oleditaoh, in which, using platinum vessels, they obtained no 
greater residue, and no trace of lithium, cannot be explained awny. 
There are two possible replies: either the conditions of experiment 
varied, so that the same result was not obtained, or it is coacelTable 
that iu presence of emanation and a copper solution, a trace o{ 
lithium was dissolved from the glass vessel (which had been t«st«d 
for lithium, however, with a negative result), which escaped solution 
in the abseoce of emanation on the one baud, or iu the absence of 
copper on the other. For emanation iu presence of distilled wattr 
in a vessel of the same gksa gave a minute residue in which the 
apectrum of lithium was not to be observed." 

After discussing the effect of the emsnation on a solutioD 
of silver nitrate, which gave a negative result, Ramsay 
continued : — 

" I have, however, stumbled across a case of apparent transfor- 
mation ; while working in a totally different direction, the ide« 
occurred that thorium should also yield helium. Now the radio- 
active constant of thorium is only the iflo ^ aq th part of that of 
radium; hence the necessity of working with a very much larger 
quantity over a very much longer time. 

Miss Burke was so good as to purify for me 270 grros. of thorium 
nitrate. On December 20, 1905, it was dissolved in 300 c.c. of 
water and iutroduced into a round bottomed flask, provided with 
a capillary ucek, on which was sealed an eicellent stopcock. The 
stopcock was greased, and after the flask bad been evacuated with a 
Topler pump, the tap was closed." 

Ramsay then describes liow, after various precautions, the 
bulb was completely and repeatedly evacuated, the stopcock 
closed, and inverted in a vessel of water, where it remained 
altogether for three years. On examining it periodically 
during this time, gas could be pumped off and must have 
been produced. It amounted in all to more than 1'2 c.c. and 
contained small quantities of hydrogen and oxygen, lai^e 
quantities of nitrogen, and appreddUe quantitxei of car 
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anhydride, which Ramsay concludes was generated from the 
thorium nitrate, or in other words, that one of the degradation 
products of thorium ia carbon, which is in the same group of 
elements in the periodic table. The presence of helium in the 
evolved gases was questionable, but on the whole probable. 

In another paper Ramaay, in collaboration with Usher.' 
described experiments conducted in a similar manner upon 
solutions of the salts of other members of the carbon group of 
elements. These solutions remained in contact with the 
emanation for four weeks, and the results were eventually 
calculated to represent the weight of carbon (as carbonic 
anhydride) produced by the action of 1 cubic mm. of the 
emanation. The following figures are given : — 

Soin. of- HbSIFb, Ti(S04)3. Zr(N08)i, ThCNOs),, Pb(C10a)a. 

Yield of carbon 0-518 0-982 I'OTl 2-93 0-102 

*" "'^- 0-873 0-968 



MercurouB nitrate gave no trace of carbon dioxide or 
monoxide. The authors conclude with the remarks : — 

" It is apparent from the above numbers thnt the elemeuts of the 
carbon group, without eiceptiou," yield carbon compounds under the 
action or the ematmtioa ; the quantities obtained arc not, however, the 
same. It ia not improbable tliat those elements having a. higher 
atomic weight are more readily decompoaable (ipaltbar) than those 
with lower atomic weights ; it is, however, conceivable that lead ia 
especially stable and poaseeses little tendency to change itself into 
carbon." 

Another probable instance of the production of one element 
from another is mentioned by Sir Wm. Ramsay." It was 
asoertaioed, be tells ub, that when the emanation from radium 
acts on water, in addition to the oxygen and hydrogen produced 

■ Beriehte d. DtuUeli. Chen. Ofi., 1909, p. 2930. 

■ Uerinni componndg w«rc nor apparently incladed in their cxperimoiiU. 
■" Kleuieuls and Electrons," pp. 15<J, 16U. 
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from that anbetance (p. 145), beliiim and neoa were ^k> Idoi^ 
The beliam, no doabt, was produced by tbe difiuitegratioo of 
the emaaatioa and of its active deposit, but Bameay is 
convinced that the neon owed its origin to the same eooroe, or 
partly bo at all events. 

It was, however, nrged by others that the neon observed was 
dae to a leakage of air into the apparatus, aa with proper 
preoaations neon can be detected in very small qoaotitieB 
of air. 

Bamsay's attention, he tells ns, was again directed to the 
aabjact, when he discovered in the courne of the analysis of 
the gaHea eHcaping from tbe King's Well at Bath, that while 
the argon present in them only amounted to three quarters of the 
volume of that found in air, the volume of helium was 60 times 
and that of neon 180 times as great. In this case also the 
helium content could be explained by the presence of radium 
in the water ; " unless, however, water plus niton [i.e., radium 
emanation] gives neon, tbe very large quantity of neon was 
inexplicable." 

Another experiment was therefore made on the action of 
niton on water, and neon was found in such an amount as 
would have involved tbe leakage of 4 cc of air into the 
apparatus, while, so far as was known, no leakage whatever 
occurred. 

Ramaay then statea, " It may therefore be takeo for granted that 
when niton disintegrates in presence of water, neon appears : whether 
ae a diiiiute)^tion product of niton, or as tbe prcxluct of the action of 
niton on water cannot bo ascertained," 

In this same book ' Ramsay mentions another experiment, 
in which both neon and helium were apparently produced. 
The glass of four X-ray tubes, stained purple by long ui 
was broken up, placed in a bard glass tube, which was then 
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completely evacuated and repeatedly washed out with pure 
oxygen, so as to remove all traces of air adhering to the glass. 
The tube was then heated and the gaaes pumped out and 
examined, when both helium and neon were found, the latter, 
however, in very minute amount. 

He also describes an experiment made by Prof. N. Collie, 
in which precipitated calcium fluoride was bombarded for 
several days with cathode rays in presence of traces of pure 
oxygen. The gases were then pumped out and examined, with 
certain precautions which need not be described, and were 
found to consist of carbon monoxide (which was continuously 
produced), silicon fluoride, oxygen and pure neon, but no 
helium. 

A very remarkable outcome of this work has been recorded 
recently in a joint paper by Collie and S. H. Patterson ' and in 
connection with this matter it maybe mentioned that whereas 
Prof. Collie directed his attention to it from the chemical 
standpoint in relation to the origin of the neon in the experi- 
ments mentioned above, Mr. Patterson quite independently 
approached it from the purely physical side in relation to 
electronic mass, his idea being that it it were possible to 
increase the electric charge on the " seat " of mass of the 
hydrogen ion two-fold " an a-particle might be produced, in 
which case it would be possible to convert a hydrogen atom 
into one of helium." 

It should also be stated that the two experimenters did not 
at first know that they were working on similar lines and that 
it was not until the later stages of their separate investigations 
that they became aware that they were obtaining similar 
results, when they then decided to co-operate. 

Prof. Collie it may he mentioned, was led to investigate the 
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action oE cathode rays on mineraU Buoh as Bodalite and fluor 
spar from the change in colour which thej then experience, 
and he observed that at the eame time much gas was given 
off. 

Regarding the first of these phenomena, he found that in 
the case of calcium fluoride (both natural and artificial) the 
change, which is superficial, is probably due to the liberation of 
metallic calcium, for if the purple mass resulting from the 
bombardment of the mineral by the cathode rays is placed in 
moistened red litmus paper, the latter burns blue. 

As to the second, the evolution of gas was so considerable 
that a week's bombardment of the calcium salt by the rays 
resulted in an evolution of between 3 and 4 e.c. of gas, which 
consisted for the greater part of carbon monoxide though neon 
was also proved to be present. 

An experiment was then performed in which carefully 
cleaned glass wool was bombarded with cathode rays, when 
again neon appeared among the gases pumped off. 

The glass wool was then removed from the tube and pure 
hydrogen was admitted (3 — 4 c.e.)and afterwards pumped off, 
the tube being heated during the operation ; the hydrogen was 
then removed by explosion with pure oxygen and the latter in 
its turn removed by charcoal cooled with liquid air, when 
again neon was found. It may now be well to quote Prof. 
Collie's own words : — 

"It was tbeu obTioiis that either the neon was being formed 
in the tube during the experiment, or that in eome way air had 
leaked into the tube or the pump during the experiment. That 
air bad leaked into the pump was rendered highly improbable, 
for always at the end of a. day's experiments a phoaphoreaoent 
vacuum waa left in the tube and no change was found on 
examining the apparatus on the neit day or tbe neit but one. 
Moreover a vacuum tube was in connexion with the tube and 
the minuteat trace of air would have meant a speetrum of nitrogen 
in the vacuum tube." 
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GoUie then experimentally inquired into variouB possibilities, 
such as: — 

(1) The presence of neon in the hydrogen or oxygen used in 
the eiporiments. 

(2) The presence oE the same gas in the glass of the tubes 
in which the bombardment with the rays occurred. 

(3) Presence of the same gas in the (aluminum) electrodes. 
All experiments on these lines gave negative results. 
There still remained the poasibility that although glass was 

found not to be porous to neon (from the air) when heated to 
its softening point, it might be so when subjected to a cathode 
discharge. 

In the next experiments therefore a tube was so made that 
the negative electrode was jacketed with another tube, and in 
the first of the experiments the latter was partly filled with 
neon and the current passed for sis hours, while in the secood 
it was treated similarly with helium, the current being run for 
four days. 

In neither of these experiments was there any evidence of 
the slightest leakage of gas from the outer to the inner tube, 
while neon appeared as before in the latter. 

In another experiment, tlie inner tube was completely 
surrounded with another, the latter being exhausted so that 
no spark would pass : the inner tube as before contained 
hydrogen and the bombardment with cathode rays was con- 
tinued for two days. 

As a matter of curiosity Collie then washed out the outer 
tube with 1 c.c. of oxygen, which he then pumped out. 

" It gave a very faint eiplosioD (hydrogen) when a spark was 
pasaed through it in a eudiometer. The resiciual oxygen was then 
treated with cooled charcoal. The residue that remained was about 
fifty times as great as the residue from the inner tube and when 
examined it ivai nuatlt/ fuliuni tiiith en/mgh neon pretent to give the 
neon ipectnan," 
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Collie concliidee his part of the paper by stating that in a 
thirty-five experimantE were made and that neon was found in 
greater or leas quantity every time. 

Patterson worked on very similar lines and in fifteen 
experiments in which hydrogen (at very low pressure) was 
bombarded with cathode rays, neon was fonnd ; while in four 
cases helium could also be detected. 

In blank experiments all the operations were gone through 
except the bombardment with cathode rays and no neon nor 
helium could be detected — even when so much as 200 c.c. of 
hydrogen were operated upon. 

Collie's experiment with a vacuous outer tube was also 
repeated and the production of helium in it confirmed. In a 
modification of this experiment, the outer tube, instead of being 
vacuous, contained oxygen at a pressure ol 15 mm. and the 
inner one, hydrogen, at a pressure of 2 mm. At the end 
of the experiment, on removing the oxygen, the residue 
when examined spectroscopically was found to consist of almost 
pure neon with a little helium. In these last experiments, the 
residue in each case amounted to as much as about 1 cub. mm. 
of gas, which was ten times as much as Gray and Ksmsay 
could collect at one time of niton, and with that quantity (i.e. ^ 
cub. mm.) they made the two important inquiries on that gas 
already described.^ 

Collie and Patterson are not willing in the above paper, to 
suggest the possible sources of origin of the neon and beliom 
obtained in their independent experiments but to those who 
like the author of this book are acquainted with the exceptional 
experimental skill of the first of these observers, the idea that 
either of the two gases made their way into the apparatus from 
extraneous sources appears to be practically impossible: and 
if that is the cose it would seem that either (1) there has been 
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a change of one element iato another or others or (2) that 
matter has in point of fact arisen oat of energy (or 
ether ?). 

These researches appear to open up a new and probably a 
fruitful field of investigation. 

We must now inquire more particularly into the fate of 
the radium atom and the relationships of that atom to the 
emanation, the a-particle and helium respectively. 

From the chemist's point of view, radium is an element, 
with a delinite atomic weight, a de&nite spectrum, a definite 
position ill the periodic system, etc. 

And again, speaking entirely from the chemist's standpoint, 
it gives origin spontaneously to a gas which also has the 
characteristics of a chemical element, to the extent at all 
events of a definite atomic weight : while from this gas or 
"emanation" a second gaseous element, namely helium, 
originates, and eventually a solid metallic-looking substance 
in addition, which has^ been named " radium D," and which 
(as already stated) has been seen and collected by Ramsay and 
Gray. 

Now Rutherford, in 1906,' carefully considered the evidence 
as to the connection between the a-particle and the atom of 
helium. All the radio-active elements eventually expel 
a-particles, which are identical in all respects save initial 
velocity, and Rutherford pointed out that whatever its nature, 
the a-particle must be a fundamental constituent of the atoms 
of all the radio-active elements. 

We have seen (p. 128) that from his determinations of — 

m 

for the particle, Rutherford showed that if it carried twice the 

charge of the hydrogen atom as obtained by electrolysis, its 

mass would be four times as large as that atom. 

ipkil. lUof., August, 1906 



156 CHEMISTBY OLD AND NEW 



1 



AmODg the poBBibilitieB then discussed by Kotherford were: 
(1) that the a-particle is the helium atom with twice the ionic 
charge or (2) half the chemical atom carrying the single 
charge. The firt^t of these was the one be favoured. 

In 1908 Rutherford again returned to the subject in 
collaboration with Geiger.' 

By measuring the charges carried by the a-particles 
expelled from a known quantity of radium in the form of a 
thin film (four times as many a-particles would have been 
expelled from the same weight of radium in equilibrium with 
its products, but the presence of j3-rays would influence the 
result) and assuming that the a-particle carries the same 
charge as an ion, a value for the total number of a-particIes 
expelled per second from 1 gram of radium bad been 
previously calculated. If it were assumed, however, that 
the charge carried by an a-particle is twice as great as 
that carried by the ion, then the calculated number of the 
a-particles expelled from the 1 gram per second would have to 
be halved. 

It follows that if the number of a-partlcles which are 
expelled in a given time from a definite weight of radium 
can be counted, the question of their electric charge can be 
decided. 

Two methods of doing this suggested themselves, viz. : — 

(1) An a-particle on striking a screen of zinc sulphide 
produces (as we have seen) a flash of light or scintillation, 
and with the aid of a microscope it is not very difficult to 
count their number per second on a screen of known area 
when exposed to a source of the rays. But Rutherford and 
Geiger point out that no confidence can be placed in this 
method until its results have \teen verified by one of an 
independent character and free from uncertainties, such as the 

> iloy. Aw. iViw. A^ 1»08, p. 111. 
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possibility that, owing to lack of homogeneity in the screen, 
only a certain number ol the a-particleB produce scintillations. 
They thereEore resorted to a second method. 

(2) In this recourse was had to a means of automatically 
magnifying the electrical effect due to a single a-particle, 
which had been worked out by Townseud and depended upon 
the effects of a strong electric field upon the gas with which 
the a-particles come in contact. 

In Rutherford and Geiger's experiments to detect a single 
a-particle an arrangement was employed in which the 



; 




Fid. 27. — Rutherford and Geigei's appkratua for counting B-particIce. 



particles could be " fired " through a gas at low pressure 
exposed to an electric field somewhat below the sparking value. 
" III this way the small iouisatiou produced by one particle could 
be mngnified several thuiiaaud timeH. The auddeii current through 
the gua, due to the eiitrauoe of an n-particle in the testing veaael, 
was tbua increased sufficiently to give an easily measurable movement 
of the needle of an ordinary electrometer." 

The apparatus they employed is shown in the above 
diagram. 

The detecting vessel consisted of a brass cylinder A, with a 
central insulated wire B, passing through ebonite corks at the 
ends. The cylinder, with a pressure gauge attached, was 
exhausted to a piessure of -2 — 5 cms. of mercury. The central 
wire was connected with one pair of quadrants of a Dolezalek 
electrometer, and the outside tube to the negative terminal of 
a large battery of small accumulators, the other pole of which 
was earthed. In the ebonite cork G was fixed a short glass 
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tube D, in the end of which was a narrow circular openiog. 
Thie opening, through which the particles entered the testing 
vessel, was covered with a thin sheet of mica, tightly waxed 
over the end of the tube. In most experiments the thickness 
of mica was equivalent, as regards stopping power (of the 
a-particles), to about 5 mm. of air at atmospheric pressure. 
Over the tube D was fixed a wide rubber tube, to the other 
end of which was attached a long glass tube E. A large 
stopcock F, with an opening 1 cm. in diameter, was attached 
to the end of the glass tube next to the detecting vessel. The 
other end of the long glass tube was closed by a ground 
stopper G. After making certain adjustments as to the 
voltage applied to the testing vessel, etc., the radio-active 
matter, in the form of a thin film, was introduced into the 
firing tube in such a way that it could be moved to any 
required distance from the stopcock F by means of an electro- 
magnet applied externally. The stopcock G was then inserted 
and a complete vacuum established in the firing tube. 

8o long as F was closed no a-particles could enter the 
detecting vessel, and the steadiness of the electrometer needle 
could be tested at intervals during the experiment. On 
opening the stopcock a small number of the a-particles 
expelled per second from the radio-active material passed 
through the mica plate. The distance of the active matter from 
the stopcock was usually arranged so that from three to five 
particles entered the detecting vessel per minute, each cansing 
an average deflection of the electrometer needle of about ten 
scale divisions. As the needle took some time to come to 
rest, a larger number could not he conveniently or accurately 
counted.' 

Rutherford and Geiger not only experimented with radium 

> An itnpruTed method, makin^c use of a airing electrometer md photogrspbic 
refisiration of the deflections (Qeiger and Rutherford, Phil, llag^ XXIT., B18, 
1912) eiubles the counting of the o-paiticlei entering the detccUne venel al 
the Mle of 1,000 per minute. 
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and its products, but also with uraDium, thoFinm, and 
actinium, with concordaiit and satisfactory results. A series 
of experiments was then made to determine as accurately as 
possible, by this electrical method, the number of a-particlea 
expelled per second from 1 gram of radium, and the number 
finally arrived at was S'-i x 10'". The same weight of radium 
in equilibrium with its products would give 13'0 X 10"* 
a -par tides per second. 

This result was then compared with that obtained by 
counting the scintillations produced by particles oil a zinc 
eulphide screen, and good agreement was obtained between the 
two methods, regarding which they remark that it "brings 
out clearly that within the limit of experimental errors each 
a-particle produces a scintillation on a properly prepared 
screen of zinc sulphide." 

In a second paper (immediately following the one jnst 
referred to) they proceeded to measure the charge (e) carried 
by an a-parttcle and gave reasons for believing that the 
previous measurements by Thomson and others was too 
amall. Finally they arrived at the following results : — 
Charge carried by a hydrogen atom = 4'65 x 10""* electrostatic 

units. 
„ ,, an a-particle 

Mass of the bydrogen atom . 
Number of atoms in 1 gram hydro- 
gen . 
„ molecules of any gas al 

N.T.P. per c.c. . 
Atomic weight of a-particle 
„ „ „ helium 

And they say : 

" Taking into account the probable experimental errors in the 
▼aluBB of ~ for the a-particle, we may conclude that an a-partxeU 



— 9-3 X 10"'" 

- 1-61 X 10" 

= 6-2 X 10^ 

= 2-72 X 10» 
= 3-84 
= 306 
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is a helium atom, or to be more preciee, t/ie a-particle, a/UT it hai lott 
ill positive charge, is a tielium atom," 

If these concluBiODB are correct, it follows that the first 
change which the radium atom experiences is 

Ka — a-particle (later He) + Emanation (Em), 
and in round numbers so far aa the masses of these are 
concerned, 

Ba _ He , Em 
222 



: = T + ; 



The question now arises : Why, if this is the true esplanation 
of what occurs, is not helium found immediately in the gaa 
remaining after the emanation has been pumped off 
along with it and the emanation frozen out ? If emanation 
and helium are produced in equi-molecular amounts from 
radium and immediately, the helium would certainly not have 
escaped the notice of a man like Ramsay, but all who have 
worked at the subject appear to have observed the production 
of helium only after an interval of one day at least. 

One or other of two explanations may be suggested, namely : 

(1) It may require time for the a-particle to lose its extra 
charge and to pass into helium. 

(2) The helium produced along with the emanation may 
have passed into the glass of the vessels used, and so have 
escaped detection, and only when more of the gas was produced 
by the decay of the emanation was it in sufficient amount to 
overcome this source of error. 

The first of these explanations seems the more probable. 



APPENDIX. 

A very curious experience of Ramsay and Gray with regard 
to the emanation may here be mentioned and may be given 
in their own words. 

"In November, Iy07, the Imperial Academy of Science of Vieniu 
was BO kind as to lead oae of us a relatively large quantity of whtt 
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pmressed to be radium bromide of approximate purity. This sample, 
as well na two others, was dissolved iu water, iu lliree bulbs, all of 
which were sealed to a Tdpler pump, and use was made contiuuously 
of tbe emanatioii mixed nitb the decomposition products of water. 
The total amount of radium, as metal, was 0'3111 gram, nnd it 
produced about 25 c.c. of miied oxygen and hydrogen every week. 
Much of the specimeD from Vienna was insoluble iu water, and was 
found to consist largely of the carbonate. 

"On December 20th, 1907, some hydrobromic acid was introduced 
into the bulb containing the large quantity of radium ; the insoluble 
matter all dissolved with effervescence. For some motUhs after 
this, bromine was evolved, and attacked the mercury of the pump. 
It ceased to appear in April, 1908. After that, the evolution of 
explosive gas was regular, until November, 1908. On November 
11th, the normal amount of gas was produced; on that day an 
apparatus, constructed of lead and paraffiti, containing a mixture of 
mercuric chloride and ammonium oxalate, was placed by Dr. 
Flasohner close to the 'Vienna bulb.' On November 18th there 
was 'remarkably little gas — about 10 c.c' On November 25th there 
were ' only a few c.c' Suspecting that a stoppage in the tap had 
occurred, air was admitted into the pump, the tap and tulies were 
cleaned, but there was no sign of a stoppage. The apparatus was 
^ain pumped to a vacuum and left. On November 30th only half 
a cubic centimetre was collected. On December 7th about the same 
quantity, and on the Hth and 16th no greater amount was collected. 
On that date Dr. Flaschner removed his apparatus, and after some 
hours replaced it refilled. The emanation was not drawn after this 
until January llth, three weeks later; 8 c.c. of esplosive gas were 
oollectod. On that date Dr. Flaschner linatly removed his apparatus. 
On January 18th, 1909, 25 c.c. of gas — the old amount — were 
pumped off, and since then that volume has been oolleoted 
weekly. 

" Experiments have, however, been made to try to reproduce the 
inhibiting con dit ions. Firut, the bulbs were surrounded with 
beakers containing the actinumetrio mixture employed by Dr. 
Flaschner ; next, each bulb was placed in a lead cup, more than ^in. 
thick; third, the lead cups were paraffined on tbeir interior, and 
filled with the solution already referred to ; and Inst, the identical 
apparatus used by Dr. Flaschner iu his experiments, and charged as 
in these latter, was placed as nearly as possible sa he had placed it. 

O.O.M. M 
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Bat all to no poipoM ; 25 ac of gas can be pumped off each week. 
We have failed to reproduoe the conditiona. 

'' We are absolutely certain as regards the faots, and we are also 
oonvinoed that there has been no mistake. SomMmg inhiUted the 
action of the radium on water for a month and a half. Whatever 
that was, it was coincident in time with the preaenoe of an appaxatos 
placed outside the bulbs ; when that apparatus waa removed^ the 
inhibition ceased. It may be remarked that the whole appantna m 
in a locked room " 
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THE NEWEB OHEUISIEY. 

R4DI0 -ACTIVITY (cO H t Mi l/Cl/)— EMANATION 8, PART II. — QRAY AND 
BAMBAY'S second RBSBAItl^BBS ON THE RADIDH EMANATION— 
DISINTEGRATION PRODUCTS OF RADIO-ACTIVE ELEMENTS. 



In 1910 — 1911, Gray and Ramsaj* returned to the subject 
of the atomic weight of the emanation, which they now deter- 
mined from its gaseous density. 

As the volume of the emanation at their diepoeal was, as 
in their previous experiments, only about -^ cubic mm., 
the weight of which is some fim ™S- ''' is obvious that 
in order to weigh this minute qnaatity with sufficient exact- 
ness, a balance turning with a load not greater than js^ua i^g- 
was a necessity. 

The construction of such a balance had been accomplished 
by Steele and Grant" of the University of Melbourne, and a 
brief account of it may be given. Its construction together 
with the principles involved are as follows : 

A beam of extraordinary lightness (about half a gram) con- 
structed of thin silica rods fused together and provided with a 
silica knife edge rests on a finely polished rock crystal plate. 
A small mirror is attached to the beam at a right angle to it, 
and the movements of the beam are indicated by the displace- 
ment of the reflection of a ray of light thrown on to this mirror 
from the filament of a Nernst lamp and received on a screen at 
a distance of several feet from the mirror. The object to be 
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weighed is enspended along with a Bmall sealed silica bulb con- 
taiaing a definite volume of air at known temperatnre and 
pressure, this bulb having been previoasly counterpoised bj s 
sUka, weight fused to the other estremity of the beam. The 
balance is enclosed in an airtight box provided with glass sides, 
and this box can be evacuated by a mercury pump, the pressure 
being read by a delicate manometer. The rationale of the 
method of weighing is as foHowa : if a quartz bulb be filled 
with air at the same temperature and pressure as the air 
surrounding it, the effective weight of the contained air will, in 
accordance with the Archimedean principle, be zero ; if, how- 
ever, the density of the air within the bulb differs from that 
of the surrounding air, then the inside air will possess a 
certain positive or negative weight which can readily be 
calculated. 

Thus, in Steele and Grant's micro-balance of the type they 
called A, the internal volume of the quartz bulb was 0'0085 c.c. 
It was sealed at 2S° C. and 759 inm. 

The weight of the air which it contained was 0*0101*2 mg. 
A change of pressure of 1 mm. in the balance case corresponded 
with a variation of the effective weight of ^^ 

)0101S 

759 

and an alteration of 1°C. at 20 mm. pressure with a variation 
of less than 1 X 10^* mg. The temperature effect they say 
is therefore negligible at all pressures lower than 50 mm., and 
the variation in volume of the quartz bulb with varying 
pressure and temperature is also negligible. 

As the pressure can be read to ^ mm., an accuracy of deter- 
mination of 1"3 X 10~* mg. (i.e., to about one millionth of 
a milligram) can be obtained, provided that the zero of the 
instrument remains constant and the beam homogeneous. 

A general idea of the construction of thin balance wlU j 



THE NEWER CHEHnSTBY 



165 



gathered from the two diagrama given below, one Bhowing a 

front view of the instrument and the otlier a Bide view. 

Ramaay and Gray introduced certain improvements into : 
thi3 form of balance, and any object lighter than 0'027 mg. 
or 27,000 fi mg. (millionth, milligram) could be weighed 
with an accuracy of 3-55 t* mg- Their present iastrmueDt, 
they state in their paper, is still more sensitive, weighing to 

a^mg. 

The emanation, which they now term " Niton," was treated 




in much the same way as in their 1909 experiments; that is 
to say, the purihed gas was forced into a fine capillary tube of 
about 1 mm. internal diameter, drawn out above to a sealed 
point, frozen there by surrounding it with a cone of liquid 
air, and traces of hydrogen (along with a minute amount of 
niton) removed by the pump. 

Tlie tube was then sealed about 20 mm. below the tip, 
carefully cleaned, and placed in a little quartz " bucket," sus- 
pended from one end of the micro-balance and the weighing 
completed. Afterwards the tip of the density tube was broken 
off, all splinters being ciillected iu the bucket i both bucket 
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and tube were then returned to the balance, and the air 
exhausted from itB case ; air waa then again admitted and a 
second time exhausted. In this way, the gas (niton) was 
removed from the tube and replaced by air. 

" Before experimenting with the precious nitou, the method was 
tested with the less valiiabto xeuon. Before freezing the gas, its 
volume woa measured ; it amounted to 00977 cub. mm. At 0° C. and 
760 mm. It was then frozen and the density tube was sealed off 
and placed in its bucket on the balance. Afc«r breaking the tip, the 
pressure change wus 17'1 mm. (70 — 529). Tiie temperature change 
was too small to affect the result. This pressure change corresponds 
to an apparent loss of weight of 608 ft nig." 

After making various oorrections the following result was 
obtained : — 

Calculated weight 577 t* mg. 

Ascertained „ 578 ,, ,, 

The agreement is so precise that Ramsay and Gray remark 
that it is doubtless a coincidence. 

" With niton, two sources of error made their appearance. In the 
first place, the density tube became strongly electriliod and attracted 
dust particles and adsorbed air, and in the second, the tnbe was 
always at a higher temperature than the ijurrounding atmosphere 
during weighing, and couvootion currents were liable to be set up in 
the air aurronnding one Hmb of the balance." 

The first of these effects (which could not be entirely 
eliminated) was considerably reduced, as regards dust, by 
filtering the air before admission into the balance case through 
a long column of cotton wool, and secondly by burning ofif the 
dust attracted to the density tube after suspension from the 
beam of the balance, with a small ("pin-point") non-luminous 
0ame, while the second effect was reduced as far as possible 
by weighing at a low pressure. 

Tbo exact volume of niton in the density tube was aacer- 
tained by means of its 7-ray activity, com|iar< 
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the origiual amount pumped off from the radium bulba (after 
explosion of the accompanying mixture of bydi-ogen and 
oxygen and a period of several hours thereafter, in order to 
accumulate the quick-change products), and alec compared 
with that of the niton pumped off along with hydrogen from 
the Irozen gaa, after a suitable interval. 

As a rule, this latter, pUu that of the gas in the weighing 
tube, were together equal to the total initial radio-activity of 
the niton before it had been purified. It was found, however, 
that s-jme of the niton bad entered the walls of the weighing 
tube and thia fraction was estimated by determining the 
radio-activity of the empty tube, immediately after it had been 
weighed. 

" As ibe qiiick-choiigo products A, B and G are ahort-Iived and 
change rapidly into D, and as D is a solid, it rcmaina in the density 
tube and is not weighed, but the helium resulting from tho change 
of niton into A, A into B, and into D, escapes for the most part 
along with tho niton ; its weight must be oalcuUtcd, and that oF the 
escaping ga^ dioiinished by its amount, in order to arrive at the 
true weight of niton. Five experimeuts were made iu order to 
determine the total loss of weight on opening the density tube, and 
a sixth to obtain an estimate of the bclturn produced by the dia- 
integration of the niton as far as radium D." 

This laat was of the most elaborate description and the 
result obtained remarkable, as the calculated weight of the 
helium was 88 /i mg., whereas that actually obtained (partly 
by direct weighing and partly by measurement of the volume 
of a portion of the helium from which the weight was calcu- 
lated) was 35 n mg. — a difference of only about 10 per cent. 

The lowest result of the atomic or molecular weight of niton 
which was obtained was 318, and the highest 227. The mean 



The theoretical number, in accordance with the equation 
Ra = He + Nit. 
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(For drtub of one eompleU experimeot made by Orsy and 
Bamsay on Uie deuitf of niton, see the appendix to this 
chapter.) 

It may now be a soitable time to snoiDiarise tbe changes 
which probably ocenr in the radio-aetiTe elemeats, and in titis 
connection the foUowing tables may be given. 

It will be seen from them that the nomber of what may be 
called " transient " elements is at least 30 (including radinm, 
but excluding araninm and thorinm), a very material addition 
to the list of elements. 

The chan(;e& of the radio-active elements is in most cases 
associated with tbe liberatioD of energy in the kinetic form, 
and thus the stady of electrical discharges in high vacoa, bat 
more especially of radio-activity has introduced important 
changes in certain of our views, which a few years ago were 
regarded as fondameutaL 

The more important of these are peHiaps the following : 

(1) The so-called chemical atoms are no longer regarded as 
indivieible particles, but as assemblages of much smaller 
particles of a common constituent.' 

(2j In certain cases, at all events, transmutation is possible, 
that is to say, a given element can be transformed or transforms 
itself, into others. 

(3) A totally unexpected source of energy has revealed itself 
in this " atomic disintegration " ; certain " atoms " of higher 
weight disengaging energy (as heat or electricity, or both), 
when their constituents are partly expelled and partly 
rearrange themselves into an atom or atoms of lower weight. 
We shall see presently how large this source of energy 
may be. 

A consideration of these new discoveries and views leads to 
the question : Are any of our so-called elements absolately 
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stable, or are all or at least the majority of them undergoing 
" degradation "? 

It cannot be said that any very definite answer can as yet 
bo given to this qnestion, but it may be remarked that only 
BOmething like a half of the known terrestrial elements have 
been detected in the 8un, while on the other hand, it may be 
argued that the fact of there being so many as that at such a 
high temperature, indicates that their stability is considerable. 

Returning, however, for a moment to the radio-active 
elements, whence did radium originate ? 

The " half-life " of that substance is some 2000 years, or 
in other words, a kg. of radium, if weighed now (1918), would 
in the year 3913 weigh half a kg. and Rutherford has calcu- 
lated that in 26,000 years it would be reduced to 1 mg. 

Now, as the geologists believe that the sun must have shone 
on the earth in such a way that animal life has been possible 
for the past 100 million years, it seems improbable that any 
radium could have existed in pitchblende so long ago as that. 
The question arises : Does an examination of the mineral 
throw any light on the origin of radium ? 

It contains uranium, ah element of higher atomic weight 
than radium, which changes, though slowly, into uranium 
X. In 1903 Rutherford and Soddy' advanced evidence to 
show that uranium changed to radium and Soddy ' stated in 
1905, that he had proved that uranium salts changed, though 
very slowly into those of radium, a statement which was at 
first challenged, but afterwards confirmed. Boltwood' in 
1906 separated the intermediate product which at first he 
thought was actinium.* Rutherford * a year later showed that 

' PhU. Mao-, V-. PP- 441—445, 1!I03. 

* PkiL Mag., VI., 'J, p. 768, lIlUo. 

* yaturr, November If,, 1906 ; Amer. Jitarn. Sfi., 1906, 32, 537. 

* Tbo relBtive quantiUes of uniniam and octiaium in minemls are such aa 
would exist if actinium nere u branch product and not ooe obtained in the 
main line of descent. 

' Phil. Mas., VI., H, p|i. 733 lo 7^11. iWT. 
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ordinary actiDi am preparations contain a new aabstance which 
is transformed slowly into radium and can be separated 
chemically from both radium and actinium. Boltwood re- 
examined bis original preparation and found tbat it was ibis 
new substance and be suggested the name (ionium) for the 
new element. 

It seems evident that a wide field baa been opened ap tor 
both chemical and physical investigation in tracing the changes 
and examining the products of sucb changes among the radio- 
active elements. 

It would also seem desirable to very carefully examine com- 
pounds of the n on -radio -active elements under the moat varied 
conditions, and especially those with bigh atomic weights with 
the view of tracing possible changes in them. 

For after all, two or three thousand years, or even as many 
millions, are but an instant in relation to eternity, and it is by 
DO means inconceivable, as sugfiested above, that all our 
80-caUed elements are undergoing slow changa 

APPENDIX 



Td order that an idea may be formed of the operationa and oalcnla- 
tiona involved in the determination of the deniiitj of niton, the 
following full description may be given of one complete exDerimeat, 
which ia taken from Gray and Ramsay'a paper. 

" Volume of uttoti accumulated in 8 days = equilibrium quantity X 

fraction aurviving = 0127 X 0-763 . = 0-0969 cub. mm. 

y ray activity of thia sample divisions per hour = 3996 divisiona- 

y ray activity of fraction pumped off . . = 363 „ 

IJence amount pumped off . . , . = 0-0082 cub. mm. 
Amount of niton in weighing tube =^ 0-0969 

- 0-0082 = 0-0887 

The weighing tube was then counterpoiaed on 
the balance. 
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Pressure in balance case . . . , — 54'.t mm. 

ZetQ on scale of beam of light reflected from 

mirror 156 mm. 

Twenty-five hours nfteriimwing, the weighing- 
tube was broken. The gas [ninipect out, 

however, was not the original 0-0887 cub. 

mm., Imt that volume multiplied by the 

decay factor for 25 hours, 0-828, viz. . 0-07317 cub. mm. 
Prc6Biire in balaace cnae after breaking the 

density tube 31-7 mm. 

Pressure change = 54-4 — 34-7 . . . = 19-7 mm. 
Zero on scale after breaking . . . . = 154 mm. 
Difference of zero = 155 — 154 = 1 mm. 
But from measurement 10 mm, pressure = 77 

scale divisions; hence 1 division = 10/77 = 013 mm. 
This mujt be added to the pressure, 19'7 + 

0-13 - 19'83mm. 

The counlerpoisB bulb contaiued 0-027O mg., or 

27,000 n mg. of air. Its buoyancy was 

altered by {19'83/760) x 27.000 . . = 703-8 ^ mg. 
liut air entered the tube when it was broken ; 

the volume of the density tube ascertained 

by previous calibration was 0'522 cub. mm. 
Weight of this air at 347 ram. and 17" C, 

= 0-522 X 1290 X 35/760 x 273/290 = 29-2 ;. mg. 
The sum of these quantities, 703-8 and 29-2 = 7330 ^ mg. 

"But the pressure was changed by 19-8 mm.; this alters the weight 
of the density-bulb by the weight of air corresponding to the 
difference in volume between the glass density-bulb and a silica one, 
As already described, this quantity was determined directly by replac- 
ing the air bulb by a solid couuterpoiso of silica and using the 
density- bulb as a measure uf buoyancy. For 19-8 mm. the "glass 
displacement " is equivalent to — 33'8 /i mg. A further correction 
has to be made, viz., the chnnge of bunyancy due to the volume 
occupied by the gas itself. The volume of the density tube was 
0'523 cub. mm. ; the change of pressure was 19-8 mm. ; hence the 
weight of this air for 19*8 mm. change = 0-522 x 1290 x 
19-8/760 X 273/290 = If. |i mg. This is a positive correction. The 
weight, 733 ^ mg., must be diminished by the difference between 
32-8 and 16, »y 17 /j. rag. The remainder is 716 /i rag. 
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" The kst correction to make, is the subtraction of the wei^t of 
the helium produced by the decaj of the ematutioti during its stajr 
iu the weighing- tube. Now : — 

32,400 cub. mm. Diton w«igfa, aaj, 233'5 mg., and 
0*0224 cub. mm. niton w^hs, aaj, 222'S /i mg. 

Each atom of niton gives three atoms of helium ; hence, helium ftaa 
00224 cub. mm. niton weighs 12 ^ mg. The volume of emMutun 
decayed iu the weighing-tube ia 0*0837 cub. mm. — 0-0735 cub. 
mm. = 00152 cub. mm., and the weight of three times that volume 
of helium is 8 /i mg. One (juarter of this has entered the glass snd 
has not escaped ; hence, tlie helium removed weighed 6 /l mg. That 
number deducted from 716 leaves 710 n mg. as the weight of Uie 
niton. 

"To return for a moment to its volume. The amount of aitoD in 
the weighing-tube was 0'0734T cub. mm. at the moment of pumping 
out. But some uiton hod ]>enetrated its walls and was not removed 
by the pump. That amount was estimated by comparing the 
y-radio-activity of the weighing-tube after it had been weighed 
"empty" with that of the gas pumped off, which had of ooutse 
diminished in radio-activity ; this dimiuution corresponded with the 
time which elapsed since the last reading, and was measured to verify 
the constancy of the electroscope. The radio-ftctivity of the residue 
left in the weighing-tube, was after oorrection for natural leak 
17 divisions per hour. The original radio-activity of the niton in 
the weighing-tube was 3996 - 353 = 3643 divisions per hour; its 
volume in the weighing-tube when decay commenced was 0*0887 
cub. mm. ; hence the "volume" left in the tube by the retention of 
niton in the walls was (17 x 0-0887)/3C43 = 0-0005 cub. mm. This 
subtracted from 0'07347 cub. mm., the volume of niton in the tube at 
the moment of pumping out, leaves 0-0730 cub. mm. aa the volume 
actually weighed. 

"All the data are now complete ; 0-0730 cu, mm. of niton at 0° C. 
and 760 mm. pressure weighed 710 /i mg, A litre weighs 9-727 
grams. ; a litre of oxygen weighs 1 '429 i and the molecular weight of 
niton is therefore 218." 
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TUE NEWER CHEMISTRY 
BADio-AOTiviTT {continued) — bxpunatiov of oldbb facts and 

LAW8 ON THE NEW BASIS. 

The subject of nidio-aetivity is not only of interest on 
aecoont of the remartable phenomena connectieil with it, but 
alfio from the fact that eonsiderationa arising out of it may, 
and very possibly do, give a clue to the inner meaning and 
causes of certain fundamental properties of the so-called 
" atoms " of our chemical elements, such as their position in 
the electric series, mechanism of theii~ union with each other, 
natnre of valency, etc. ; and light may also be thrown on the 
causes of the relationshiiis embodied in the periodic law. It 
should however be stated that since the introduction of the 
ideas, a brief account of which will be given in this cbajjter, 
considerable doubt has been thrown upon them as originally 
propounded— and that to a large extent by the work of 
Sir J. J. Thomson, who, along with Larraor and Lorenta, 
originally developed ihe idea that an atom, far from being an 
indivisible particle, is a comphcated structure consisting of 
electrically charged particles in rapid movement either of an 
oscillatory or orbital natm-e, 

A brief note will be given at the end of tbis chapter as to 
the reasons fur at least some of the doubts which have arisen 
iu connection with the subject. 

Cathode ray, electrons or corpuscles-particles, and the j3 rays 
^ven out in radio-active changes are, as we have seen, minute 
particles of matter about x^qq the mass of a hydrogen atom, 
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^^H carry charges of electricity, and only differ from each other 
^^^H in their velocities/ the cathode ray particles moving leas 
^^H rapidly than the so-called ^ rays. 

^^H Now, as cathode rays are produced when all aabstanoeB an 

^^H submitted to electrical discharges in high vacua, it wm 

^^H suggested, as a necessary consequence, that the so-called 

^^H " atoms " ol all substances are made up of aggregates of these 

^^^1 particles associated in some way with corresponding cbai^ea 

^^H of positive electricity. And on this vievr, if the charges of the 

^^H latter were not carried by particles of a different materinl 

^^H (an idea which is rather difficult to grasp), the atoms of the 

^^H chemical elements differ from one another only in the 

^^* number and arrangement of the electrons, or in other worda 

that atoms are aggregates of a common constituent, which is 

I the underlying idea of Prout's hypotheaia. (See p. 49.) 

' But how are we to picture to ourselves these new atoms ? 

The electron carries a definite charge of negative electrioity, 

and since with any charge of electricity we always associate 

I an equal charge of the opposite kind, we should expect the 

negative charges on n electrons {n being the number of these 

in the atom) to be associated with a corresponding amount 

! of positive electricity. 

i The physicists who have given their attention to this 

matter tell us that the simplest conception of an atom from 
this point of view is that of a sphere of uniform positive 
electrification, and exerting as a consequence a radial electric 
force, proportional at any point to the diataJice from the 
' centre, or the positive electric force may be supposed to act 

' from the centre of the sphere, the electrons moving about 

inside the latter. 
I The sphere will be very large in relation to the size of the 

li electron — and Lodge has compared, in this respect, the 

e relatiomliips betwcon rapiitl; uuiiiu^ 
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former with a church in relation to groins o£ aand reproBenting 
the latter. 

Now it is obvious th;it, following the ordinary laws of electri- 
cally charged bodies, the electrons will mutually repel each 
other, while ou the other hand they will be attracted to the 
centre ol the sphere by its positive electrification. 

The electrons are thus acted upon by two forces in opposite 
directions, and the question arises, how will they arrange 
themselves under these circumstances? The question can be 
attacked mathematically, as was done by J. J. Thomson, or 
if the particles are at rest, experimentally also. 

The latter was done in a most ingenious way by Mayer, 
and some of his results are easily shown. 

A number of ordinary sawing needles are magnetised in 
such a way that all their points, if suspended horizontally say, 
would point to the north, and all their eyes to the south, or 
the reverse. Each needle is passed through a little cork disc 
in encb a manner that when placed in a dish of water it will 
float vertically with the point up. Several needles placed in 
the dish will repel, and therefore Hoat away, from each other. 
But now if the pole of a magnet (or better that of an electro- 
magnet) be placed beneath the dish, using such pole as will 
attract the eyes of the needles, the latter will be acted ou by 
two forces in opposite directions, and will group themselves 
in geometric arrangements, the particular nature of which 
will depend upon their numbers. This is shown in 
Fig. 29. 

It will be seen that two arrange themselves in a line, three 
in an equilateral triangle, four in a square ; with five there 
are two arrangements, namely, a pentagon, and a square with 
a central needle. 

Neit, as the number of needles increases, we get an inner 
and an outer grouping, the former being a repetition of the 
grouping of the same number of needles alone. Thus, nine 

s i 



180 



CHEMISTRY OLD AND NEW 



ftrrange themselves in tin outer heptagon with an inner line fli 
two, ten in sn outer heptagon, vitb an inner triangle; daven 
also into an oQter heptagon, while witbio it is s eynunetrieal 
group of four arranged in a sqnare. 

With an tocreasing number of needles, the number of rings 
increaeea; thns, nineteen arrange themselves into an inner 
group of two, outside of which comee a ring of aeven, and 
oatside that again a ring of ten. 

Bappose now that instead of magnetieed needles we havs 



0. (^. 




charged particles and they are not at rest, but in a state of 
steady motion and describing circular orbits round the centre 
of a sphere, the effect of the centrifugal force will be to drive 
them further away from the centre of the sphere, withoat, in 
many cases, destroying the character of the confignratioii. 
This is not, however, always the case. Thus, four particles, if 
rotating rapidly, are in stable steady motion when at the 
corners of a square, the plane of the square being at right 
angles to the axis of rotation. When, however, the velocity of 
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rotation of the particles falls below a certain value, the 
arrangement of four in one plane becomes unstable, and the 
particles tend to place themselves at the corners of a regalar 
tetrahedron, which is the stable arrangement when the 
particles are at rest. 

On the basis of a movement of the particles or electrons in 
rings. J. J. Thomson has calculated for certain nombera of 
these particles, or electrons, the groups into which they would 
distribute themselves, and one set of his results may be given 
here : — 

Number of particles 60 55 50 45 40 S5 SO 25 20 15 10 5 



Number in rings 



20 19 18 17 16 16 15 13 12 10 8 5 
16 16 15 14 13 12 10 9 7 5 2 
13 12 11 10 8 6 5 3 1 

8 7 5 4 3 1 

S 1 1 

The two figures shown on the Plate (Fig. SO) are actual 
photographs of magnetised needles passed through (blackened) 
cork discs and floating vertically as described above ; but the 
arrangement was not quite the same as Mayer's. 

A covered wire was coiled several times round the glass 
dish in which the magnets floated, the coil being at the 
surface of the water, so that one set of poles of the needle 
magnets was above and the other below the coil, ' The 
current was then passed through this wire coil in such 
direction as to give the horizontal component of the magnetic 
force on both poles acting towards the centre of the dish. 
These forces replace those duo to the action of the large 
magnet in Mayer's method on the magnetised needles, but in 
this arrangement we have the advantage that the forces act 
on both ends of the needles towards the centre and in such a 
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seen on reference to the table th&t in each ring there are 
either 5 or d X 5. Now the mean of SO and 5 is 17'6 which 
approximates to 15. 

The Groups in the Periodic Law. — Speaking broadly, we 
know that similarity of etractare induces similarity in pro- 
perties, and this is specially observed in organic compounds. 
Thus, all primary alcohols contain the group R— CHj OH, 
in which R is frequently C, H^ + i. The following are 
therefore strictly analogous and closely resemble each other in 
properties:— 

H - CHaOH 

CHa - CHjOH 

CaHfi - CHaOH 

CaH, - CHaOH 

Etc. 

Now what kind of similarity in atoms composed of groups 
of electrons, arranged in a certain number of rings (or possibly 
shells), might be expected to produce similarity in properties? 
The answer seems fairly evident, similarity in configuration. 

Take the arrangements :— 

35 



Number of electrons 8 10 



Number in rings 



3 3 

7 7 

10 12 

13 



Here the triangular configuration disappears after 3, but 
reappears with 10, when it is associated with 7, and again 
appears also associated with 7 in 20 and once more in the 
same way with 35. 

Suppose now that certain properties were associated with 
this triangular contiguiation, we should have a repetition of 
these with atomic weights 10, 20 and 35 (Atomic Weight of 



1 
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electron = 1), which is just the kind of effect we observe 
among the members of the same groups in the periodic law. 
/ The srries (Pfrinrh) ui the Periodic Law. — But how, on the 
electronic theory of the nature of atoms, oia the facte be 
accounted for which are embodied in Mendeleef's statement 
that :— 

"Ii^rst the properties of the elements become raodiGed as their 
atomic weights increase, then they repeat themselves iu a new 
period." 

The Buggeations on this point we also owe to Sir J. 3. 
Thomson. He calculated how groups of electrons varying in 
number from 59 to 67, which includes the entire series having 
an outer ring of '20, and all containing 5 rings, would arrange 
themselves, and found the following : — 



Number of electrons 


69 


60 


61 


62 


63 


64 


65 


66 


67 


Number iu i-ingB 


20 


20 


20 


20 


20 


20 


20 


20 


20 




16 


16 


16 


17 


17 


17 


17 


17 


17 




13 


13 


13 


13 


13 


13 


14 


14 


lli 




8 


6 


9 


9 


10 


10 


10 


10 


10 




2 


3 


3 


3 


3 


4 


4 


6 


5 



Now Thomson showB malbemattcally that in the group of 
69 the number of electrons inside the ring of 20 ia only just 
sufficient to make the ring stable. For that reason, ao electron 
ia easily detachod from it, and if that occurs, the remainder of 
the atom becomes electro-positive. But there are now 19 
electrons in the outer ring, the whole number being 58, and 
Thomson shows that such is a very stable arrangement, and 
that no more electrons could escape from it. On tho contrary, 
they would be attracted ; the addition of one, again forming 
the unstable group of 59. 

An atom of this kind would therefore be neither positive 
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□or negative, but electrically neutral, like one of the inert 



With the next grniip of 60 electrons we have a more stable 
arrangemeut. While on the one hand it may lose electrons, 
it will not, on the other, lose them bo easily as the group of 
59. Hence it will not so readily assume a positive charge, 
bat whereas the group of 59 minus 1 electron is totally 
anstable, that of 60 vnnus 1 electron has a certain degree 
of Btability. 

The group of 61 will, for similar reasons, be leas electro- 
poBitive than that of 60, and that of 62 less again. 

With a further increase in the number of electrons in 
the neutral atom, there is a greater probability of adding 
electrons to the atom than of hherating them, in which case 
the latter would receive a charge of negative electricity, and 
behave as an electro-negative element. Nevertheless electrons 
might have been expelled from the neutral atom, and hence 
an atom may be either electro -negative or electro-poeitive, 
but, in general, it possesses the one characteristic more 
strongly than the other. Now the electro-negative character 
predominates. 

This character would increase up to 66 electrons, where 
the addition of 1 electron only would be possible, for then 
maximum stability would he reached. Such grouping would 
correspond with a strong electro-negative element liie chlorine. 

A neutral atom having 67 electrons has already mastmnm 
stability, and an electron could not be added to it. Hence 
again an inert element has been reached, though not of the 
same nature as that of 59 electrons, for those corresiwnd to 
the extremes of stability and instability. 

A great change occurs with the addition of another electron, 
as the outer ring now contains 21 of these, and such arrange- 
ment is unstable, like the group of 69, and would have similar 
properties. 
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To Bum up we have the following : — 

59 ElectrotiB. Uustable. Easily loeiDg 1 electr^ 
readily gaining it again. Elei 
neittr&t, like neon. 
fiO „ Unstable, bub not 8o easily losing 1 electron. 

Wlien, however, this is lost, it is not readily 
regained. Strong electro-positive element, 
like sodium. 
Similar, but can lose 2 electrons. Weaker 

electro-positive element, like magnesium. 
Similar, but can afTord to lose 3 electrons. 
Weaker eleetro-poaitive element, like 
aluminum. 
Quite different and can now gain as many as 
4 electrons. Weak electro-negative element, 
like silicon. 

Stronger electro-nega- 
lOsphoruB. 
Strouger electro-nega- 
Iphur. 

Strong electro-negative 
element, like chlorine. 
Maximum atabihty. Electrically neutral, like 
argon. 

We thus see that radio-activity giveB a satisfactory explanar 
tion of the periodic law. 

Ckcmkal Combination. — The view that chemical atttaotion 
is of an electrical nature is not a new one, Berzelius having 
been the first to suggest that the forces which bind the atoms 
together in compounds are electrical in their origin, while 
both Davy and Faraday held similar views, and ao aleo 
Helmholtz later. 

But ill does not appear that any of these attempted to 



Can gain 3 electrons. 

tive element, like ; 
Can gain 2 electrons. 

tive element, like i 
Can gain 1 electron. 



account for the fact that different elatnents have difTerent 
valenciee, on a purely electrical hypothesis. It ThomBon'a 
beautiful conceptions are true, we not only find an explanation 
of the facts embodied in the periodic law, but also au explasa- 
tioD of the facts of valency. 

According to Thomson's views, an element ie electro-positive 
if it can lose electrons and electro-negative if it can gain them 

[under the cireumatances of chemical action. Valency finds 
its explanation in the number of electrons which an atom can 
thus lose or gain. 

Tbue we may picture a compound sach as potassium 
chloride as 
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+ — neutral 

K— o CI ivriaing from K and 



CI 



and pbOBphuretted hydrogen as 

+ 

+ o 
H— oP 

P' 

m which o = an electron. 

An element is neither electro-positive nor electro-negative, 
like argon, when it can neither lose nor gain electrons per- 
manently, and then as a consequence it has no valency. As 
before said, the configuration of a group of electrons in 
motion is not necessarily the same as for the group at rest, 
and in the former case there will be a critical velocity of the 
electrons greater than which a certain configuration is alone 
stable. When the velocity diminishes below this critical value, 
instabiUly sets in, and a kind of convulsion or explosion occurs, 
accompanied with a great diminution of the potential energy 
of the system, with a corresponding increase in its kinetic 
energy, which may be sufficient to detach considerable 
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numbers of electroas from the original aHsembla^e. This 
apparently is what occurs in radio-active changes. 

Take radium for example. Its constant disengagement of 
kinetic energy is shown by the heat which it radiates, while 
a-raya are expelled (eventually to form helium) sod the 
rearranges! electrons form the emanation. The emaoation in 
its turn rapidly loses kinetic energy and soon explodes — 80 to 
speak — into radium A and a-rays, and similar changes oocat 
later with radium A, etc. 

The immensity of the store of energy thus locked ap in our 
BO-called atoms is shown by a calculation of Thomson's which 
indicates that the energy thus stored in a gram of hydrogen 
amounts to 

1-02 X lO'^erga. 

— an amount sufficient to lift a million tons through a height 
exceeding 100 yards. 

This stored up energy is proportional to the number of 
electrons in the atom, and therefore to the atomic weight, so 
that it is prodigious in the case of an element like uranium. 

Simple and indeed fascinating as the idea is that atoms are 
made up solely of matter in the form of electrons, there 
appears to be, as was indicated at the commencement of the 
chapter, a feeling which seems to be fairly general that the 
theory is untenable, at least in its original form. 

From spectroscopic and other evidence it would appear to 
be certain that electrons are universal constituents of atoms, 
but on the other hand there seems to be no sufficient evidence 
for the assumption that electrons are the sole constituents of 
these atoms. Indeed, in 1906 Sir J. J. Thomson, who (as 
already stated) had so much to do in originating the electronic 
theory of matter, himself brought forward experimental 
evidence against that view, at least in its original form. 

It would not be advisable, nor does the author feel himself to 
be competent, to discuss this very important matter at iQiijiti),^ 
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bat it may be stated that the three methods then (1906) 
apparently available for throwing light apon the question and 
all developed by Thomson, depending on 

(1) The penetrating power of the electron 03-ray) into 
matter; 

(2) The scattering of Rontgen rays by gases ; 
(8) The dispersion of light by gases ; 

appear to have led to mach the same resalt, namely, that all 
bat aboat one thousandth of its mass is associated with the 
positive part of an atom, which would tend to show that an 
altogether exaggerated role has been attached to the electron 
in the constitution of matter.^ 

^ See art. ''Radio-activity," Chem, Soo. Annuul Rept.^ 1906, p. 860. 




QUESTIOH or UJOBOIHIC BVOLUTIOK— 
AND WOKE. 

Wb have aeen that in the case of the radio-active elements 
a procesB of " degradation " is occiirriDg, whereby those of 
higher atomic weight are slowly giving rise to others of lower 
atomic weight, and arguing from the special to the general, it 
may at least be suggested that all the elements are slowly 
undergoing change. 

But, it may be aBked, how can that be, without their ezhiint- 
ing radio-activity? 

If such changes are actually occurring, the answer in^ 
posaibly be, either : — 

(1) That certain changes are in point of fact raylees, e^., 
actinium into radio-actinium, meso-lhorium 1 into meeo- 
thorium 2, or — 

(2) That the rays emitted escape detection. Such was the 
case with the very "soft " ^-raya {i.e., having very low velocities) 
escaping when radium B changes into radium C, radium D 
into radium E, etc. 

But whether all the elements are changing or not, BOme 
certainly are, and the question naturally arises, is the opposite 
kind of process occurring anywhere in nature ? 

In other words, is there side by side with the degradation 
of the elements a process of their evolution occurring? 

Degradation, as we have seen, is accumpanicd with a dis- 
engagement of energy, part of the potential energy of t^ 
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more complex atom becoming liberated as kinetic energy, 
while the rest remains locked up in the simpler atom or atoms 
which result frojo the change, 

ConBequently evolution, should it occur, ought to involve 
the opposite, namely, the absorption of kinetic energy and its 
conversion into the potential form. 

And therefore it seems only reasonable to search in hot 
regions for signs of inorganic evolution ; and as such hot regions 
are to be found in the sun and stars, it again seems only 
reasonable to appeal to them for possible information on the 
subject. Researches on this matter have formed the chief 
work done by Sir Norman Loekyer during mora than forty 
years of his life, he tells us,' and be was one of the first of our 
modern seientilic men to indicate the possibility of our so- 
called elements being compounds. 

" For tweuty years I longed for an incandeecent bottle," he says, 
" in which to store what the centre of the (electric) spark produce. 
The Btars have provided it." 

Needless to say, the only instruments of service in direct 
investigations of the kind were then, and still are, the spectro- 
scope and telescope combined. But indirectly others were of 
service, and notably such as could be used for the production of 
very high temperatures, like those of the electric arc and spark. 

When Loekyer first took up the work, the belief was general 
that an element oould have one and only one spectrum. But 
the " one element, one spectrum " notion was quite erroneous, 
and Pliicker, with Eittorf, in 1865, was able to announce that 

"there ie a certain number of elementary fiubstancea which, whau 
differently treated, furniHh two kinds of specli'a of quite a different 
character, not having one line or baud iu common." 

The diEFerence in character to which reference is here made 
consists in the spectrum produced at the lower temperature 

■ '■ Inorganic Evolution." 
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being composed of flotmgs, which are replaced by lines when 
the higher temperatare is reached. 

It is eaay to demonstrate a change in the spectra of certain 
BobBtances prodaced by changes in the temperature ot their 
vaponrs. 

Thus Bodium, at the temperature of an ordinary Buasen'G 
barner, gives a spectrum consisting only of two lines close 
together in the yellow part and corresponding with the D 
Fraunhofer lines. Whereas the arc spectrum of the same 
metal ia much more complex and shows quite a number of 
lines of different colours and notably in the green and red 



For spectroscopic work we have at our disposal the follow- 
ing sources of heat : — 

lemper>tar«. 
Source, degs. C. 

,,, „ . . (Ordinary . . about 1,500 

(1) Banaen'B burner .,^, ,„ , . \ , ,t«« 

IMdkerCBaseof flame),. 1,700 

(2) Osy-bydrogen blowpipe ... „ 2,000 

(3) Electric arc 3,500—3,900? 

(4) High potential spark . . . ,,8.000—9,000? 
Long and short lines. — If we regard the arc or spark as a 

cylinder or globe of flame, it is obvious that the inside will be 
tbe hottest and densest and the outside the coolest and rarest. 
The idea occurred to Lockyer of examining arc or spark spectra 
in such a way that the image of the som-ee of light was thrown 
on to the slit of the spectroscope by a lens, the spark or am 
being placed horizontally and the slit vertically, as shown in 
Fig. 31. ^ 

He observed in the case of several metals three setB of lioea 
corresponding with the three ranges ot temperature. 

" Here then wus the first glimpse of the idea that tbe complete 
ipectrum of a chemiciil element, obtained at the highest tempemturei 
might ariae from the summation of two or more different line n "" 
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produced at different degreea of temperature, iind tlierefore bringing 
ua in presence of two or more molocnliir complexiti«B, that is, 
different moleculea broken up at differant temperaturea." 

Lockyer also made a careful study of spectra produced at 
the very highest temperature he could obtain, namely a 
4U-in, apark from an induction coil combined with a powerful 
condenser. By this means he found in the spectra of many 
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I new or intensitied lines, which he called " enhanced 
lines." ' 

The nature of the spectrum of iron at different tem- 
peratures is as follows : — 

(1) Flame spectrum (oxy-hydrogen blowpipe flame). A 
few lines and flutings only, including several well-marked 
lines, some of them arranged in triplets. 

(2) The are spectrum, coosiatiug, according to Kowlaud, 
of 2,000 lines or more. 

■ The work of Elartmann, Ftibry and Bulnsnn, Hemsklech noil otUers bu 
■bown th&C tbe^ liucs are also obluined Erom cerlAiii (laris of flamea iui<l area, 
Bud htncM^ ttunpcrntui-e alouc il'iia iiui fxijIiiju their eiisicuntr, but Uiejr mnit 
alao depend oa cbeiuicnl ur eli;ctriciJuiniUtiuuB. 
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<») The spark epectnun, difTering trom the arc spectrum 
in the enbancement of eome of the short lines and the rednoed 
relative brightness of others. 

(4) A epectrom consisting of a relatively very small nomber 
of lines, which are intensified in the apark. 

Before considering the bearing of these different spectra en 
solar phenomena it will be advisable [or as briefly to coiuider 
the oonstatntion of Uie gnn. 

Nature of the Sun.'—The son, a mere fieij globe u it 
appears to us, has a diameter approaching a million milee 
(actually 865,000) and is made ap of several parts. 

The main maae probably consists of intensely hot and 
strongly compressed gases. 

The question of the temperature of the son and of the sters 
generally is one of conaiderabie interest. The methods for 
estimating these temperatures are based upon an examinatioD 
of the light radiating from them, but unfortunately that light, 
as it reaches ua, is not necessarily purely that of the original 
source, but is often modified by its passage through the dust 
or vapours Burronnding the glowing mass of the luminary; 
hence there would appear to be considerable uncertainty as to 
the actual temperatures of the sun and other stare. 

One of the methods for these temperature measurements 
depends upon what is known as " Wien's Law of Displace- 
ment " and is based upon the wave length of that colour which 
corresponds with the ma&imum of heat in the spectrum of the 
hot body (which should be a normal spectrum). The applica- 
tion of this law is very simple and is expressed by thl 
uijuation 



W.L. in mm. 
in which T is the (absolute) temperature, to be calculated io 



siclL-ralilu entuut UiktfQ rroin Artliuulra' • 
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centigrade degrees, and W.L, the wave length of that line in 

the Bpectrum which corresponds with the highest temperature. 

The average temperature of the sun as thus calculated 



2-89 
0-00055 



: 5,255 (ahsolute) 



or a little under 5,000° C. 

Another method is based upon the total radiation of the hot 
body, which is proportional to the 4th power of the absolute 
temperature. This is called " Stefan's Law of Radiation " 
and with it the solar temperature has been estimated at about 
6,200°. 

Arrheuius tells us however that various other eetimateB 
have been made. 

Wilson and Grey found for the centre of the sun at first a 
temperature of 6,200" which they afterwards corrected to 8,000°. 
La Chatelier arrived at a figure for the adn itself of T.BOC. 

Carrington and Hodgson saw certain solar clouds or J'acvlie 
break out on a certain occasion from the edge of a sun spot, 
which were five or sl\ times as bright as the sun's photosphere 
and corresponding according to Arrhenius with a temperature 
of from 10,000—12.000° C. a temperature, ho telle us, in all 
probability above the critical point of any of the chemical 



It ma; be mentioned that the temperature of white stare such 
as Sinus and Vega has been found (by means of the radiation 
method) to be some 1,000° higher than that of the sun, while 
on the other hand that of the red star, Betelgeuse, would 
appear to have a temperature some 2,500° lower than that of 
the sun. Prodigious temperatures are spoken of later on by 
Arrhenius in his book " Worlds in the Making " as existing 
daring the formation of suns from nehulie when their tempera- 



' The critical leiiippriHiiii; (_i 
I| limes tbc builiDg puiut (aba. 



■u (abs.) is, liccurdii]]: I 
' ' atmospheric p[(a 
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tura IB riling, na high a figare as 71 miOitm deyntM bang 
montionnd in this conoeotioti, bat preBtunably as a tiHtt o( 
ciilcuUtion oDiy. 

Thu doiiFiity of the solar mass ia about I-4 tJtwfift that of 
wHlur, HO that the general body of the son Bhoold in phrae^ 
proimrtiofl roHonihle that of a viscid liquid, which woold aceotml 
tor the Htability and persiateDce of san spots. 

Thi! flun Ireing of this nature in its main or inner mass, 
ooolin^ iiiUHt occur in the incandescent gasee expelled En»n it 
hm tbuy recede outwards, and expand, catising effects to eome 
extent unalogoua to those occurring in our own atmosphere, 
Huch as the furtiinlion of tower and higher clouds, with an nppei 
alninsiiliuru above these consisting largely of attenuated gases. 
Unhko the clouds of our terrestrial atmosphere, bowerw, 
those of tlie aun consist of incandescent particles of carbon and 
liquid particles ol metals ; while, for reasons to be given later, 
there is strong reason tor believing that the ontennost (or 
liighust) layera of the solar atmosphere contain, in additioD lo 
ntloniitttod gases, dust, or minute solid particles. 

Tho outer layers of the sun may be represented diagram- 
mftlicftlly thuB :— 

Photogphere. This preaenta 
a granulated appearance, which 
has been compared with that of 
a greyish white cloth, almost 
hidden by snowSakt^s, the so- 
called facula (torches) corre- 
tTui. <UiigrBmyi.r«c«'cr. mu.t rot be sponding with the latter. (See 

liyrMiitnloubtmDrgiiJBinioewih iDeJociUtB are believed to be 

"^'""^■^ clouds of rising incandescent 

vapours, like our terrestrial clouds, except that the latter are 

cold and eonaist of water spherules, or minute ice cryataU. 

ThBjacnU, as before mentioned, are believed to be , ' 
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of solid particles of carbon and liquid particles of molten 
metnU, Fuch as iron, magnesium, calcium and sodium. The 
smallest fucjtla we are able to see is probably at least ISO miles 
in diameter. 

In the neighbourhood of the facuUe are occasional dark 
spots, the 80-called " sun spots," which were discovered as 
early as 1610. The number and size of these change from 
year to year in a somewhat irregular way, the period amount- 
ing on an average to a little over 11 years. The maxima in 
these spots seem to be in relationship with the maxima 
obaerved in certain terrestrial phenomena, snoh as: 

(1) Polar lights (AurorB). 

(2) Magnetic variations. 

(3) Cirrus clouds (though to a lesser extent). 

Bun spots are believed to consist of huge vortices of 
descending gases, with rising temperature, which are there- 
fore " dry," and do not carry any clouds with them. 

Reversing layer. This consists of vapours at a lower 
temperature than those of the photosphere, and therefore 
external to it. The following elements (in the order of their 
atomic weights) have been recognised in it. 



(1) 


<2) 


(3) 


(4) 


H 


Si 


Co ■ 


Sn 


Ho 


K? 


Ni 


Ba 





Ca 


On 


Ce 


N 


Ti 


Zn 


PlatiDum 





V 


Sr 


Pb7 


Nb 


Cr 


Mo 


n 


Mg 


Mn 


Ag 




Al 


Fe 


Cd 





less than one-half the known terrestrial elements. 

Ckromoapkere. This is only visible to the naked eye daring 
a solar eclipse (the disc of the moon then screening off the 
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intense light of the photosphere). The chromoBphere corre- 
sponds with cor highest terrestrial atmosphere, and in atidition 
to incandescent metallic vapoors in its lower portions, con- 
tains hydrogen and helinm in its upper parts, canBing these 
to shine with a pink or a purple glow. 

The thickness of the chromosphere is estimated oa being 
from 5,000 to 6,000 miles, less than j^^ of the eolar diameter. 
From the chromosphere rise rays of fire, which have been 
compared with blades of grass rising from a meadow. When 
these flames rise higher, say to 9,000 miles, they are 
called " prominences." 

Prominences. The number and altitude of these grow with 
sun spot maxima. Some prominences are called " quiet " and 
others " metallic." 

The latter consists of masses of gases and incandescent 
vapours ejected from the solar interior with enormous and 
almost incredible velocities, amounting at times to over 500 
miles ptT second, whereas our wildest terrestrial hurricanes 
very rarely have a wind velocity of 100 miles per hour. While 
the average height of the solar prominences is about 82,000 
miles, they often eiceed that figure, one having been observed 
almost as high as the sun's radius, i.e., over 400,000 miles. 
The quiet prominences consist almost exclusively of hydrogen 
and helium, but sometimes contain traces of metallic vapours. 
They resemble clouds floating in the solar atmosphere. 

Beyond (that is to say above) the chromosphere, yet another 
luminons sone appears in the sun, namely, the eo-called 
corona. 

Corona. This consists of streamers of pearly light, which 
may extend beyond the sun's disc, a distance of several solar 
diameters, and therefore for a million or two of miles. The 
appearance of the corona varies with the maximum and 
minimum aun spot periods. During the former the streamers 
are fairly uniformly distributed round the buq'b disc, bat 
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during the latter they extend like hage brooms from the 
equatorial parts, like the lines o! force about the poles of a 
magnet. It is therefore supposed that the sun acts ae a 
magnet, the poles of which are situated near the sun's 
geographical poles. At times of moderate sun spot frequency 
the streamers seem to emanate from the neighbourhood of 
the maximum belt of sun spots, and the corona assumes a 
quadrilateral shape. (See Fig. 39.) 

The spectrum of the inner parts of the corona is that of 
hydrogen, together with lines of an element not met with 
terrestrially, to which the name " coroninm " ' has been given, 
and which seems to occur more particularly in the higher 
regions of the " inner corona." The spectrum of the "outer 
corona" is continuous, and is therefore that of reflected light, 
probably from solid particles ejected from the sun, as we shall 
learn later, by the so-called "radiation pressure." 

To return to Lockyer's work ; — 

" Next the spectra of different parts of the sun — thoee of the 
ohromoBphere, prointueuceH and apots^were compared with different 
]>Brtfi of the light sonrce, and core of the arc, and tlie centre of the 
apark, and the outer regions of both. . . . Wonderful anoriialies were 
at once detected; lines known to belong to the aame chemical 
clement behaved differently in aevoral ways. Some were limited to 
prominencea, others to spots, and in some solar storms different 
iron lines indicated different velocities. 

"In the speutrum of the hottest part of the sun ^ open to our 
inquiries, the region, namely, immediately overlying the pliotosphero, 
which I named the chromosphere, the anomalies become legion. 
SufEice it to say, that in the hottest part of the eun wo could get at 
the spectrum of iron then represented in KirchhofTs map of the 

< The epectnim at this bod; consiatB ot sev^ml bright liaee ; one of them of n 
green colnnr (\ 5315-9) appears to be iiiiccluUy chnrFictenstic. Certain Italian 
otnetTers hnvo staWd thai coroiiium occurs In Ihe gases from tbo solfalara or 
aalphnr bedii at Pnziuoli. (Abx. Ch«n. Soe. Jonrn.. 1899. p. 4S2,) 

' Lookyer is of the opinion in his work, " Inurjiftoic Evolntion," that the 
tevenini; layer is •'nitide the chromosphere, and that the latter is the hotu^ 
lowtMt Atntum of the sdh'b almogphero — vieira which are certainly not shored 
by D number of other workers on the natara of the snn. 
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ordinal^ Bolar Bpectnim by 460 lines was reduced to three lines. . . . 
Many obeervations and cross references of this kind during the nexl 
few years convinced me that the view that each chemical element 
had only one line spectniin was erroneous, and that the reaults 
ohtiuned suggested that the vurioua terrestrial aad solar pheaomena 
wore produced by a aeries of airaplificatioDS brought about by each 
higher temperature employed." 

And farther on in the same work he draws attention to two 
other points relative to iron in the Bim, viz., that in the- 



t'io. 3o.— (Krom Lockjer's " laorganic Evolution.") 

maximum sun spot periods the lines widened in spot spectra 
are nearly all unknown ; at the minimum they are chiefly due 
to iron and other familiar substances, and also that the up-nieh 
or down-rush of the so-called iron vapour in the sun is not 
registered equally by all the iron lines, as it should be on the 
non -dissociation hypothesis, 
Lockyer then goes on to say : — 

" It seemed perfectly clear then, that in the sun we are not dealing 
with iron itself, hut with primitive forms of matter contained in iruu. 




KlU. 33.— Tilt' \.mg :,i„l sh.ii-I lirir. „l -,..li,M,i i^.k.n iulJ^f llie samt cuiitliliong. 
«howi[ig Ihat Ihc orntitrc liny oxtumi-; fiiillic^t froiii llie polis. ((■'rom 
Lockyer'« -'Tiiorgfinic Evoliiiion.") 
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which are capable of withetanding the high temperatiiro of the sun, 
aft«r the iron obaerved as such, has been broken iip as suggeat«d by 
Brodie." 

Regarding mftgneBium, Lockyer found the flame spectrum 
to be very different from the epark spectrum. In the latter, 
some of the lines observed in the former disappear, while two 
new Hnea make their appearance. Now the flame lines of 
magnesium do not appear among the Fraunhofer lines, while 
some of those of the spark do. 

Then in the case of calcium he also found that its arc 
Bpectrum shows a certain blue line particularly prominently, 
while two other lines H and K are thin. In the solar spectrum 
exactly the reverse is observed, H and K being thick, and the 
blue line thin. In solar storms the blue Hne is always absent, 
while H and K are almost always seen. Again, in eclipses the 
bine line is absent, while H and K are the brightest. In sun 
spots H and K are reversed or darkened while the blue line is 



" Finally, then, the similar changes in the spectra of certain 
elements, changes observed in the laboratory, sun and stars, are 
simply and aufBoiently eiplained od the hypothesis of dissociation," 

Lockyer prepared a " test " spectrum as he called it. This 
consisted of a» complete a map as he could make of the 
"enhanced" lines of the different elements, that is to say, of 
either new lines, or of old ones intensified by the great heat of 
the high potential spark. (Bee Fig. 34.) 

On comparing this test spectrnm with the bright lines in the 
sun's chromosphere (best observed at the time of a total eclipse 
of the sun) he found that the most important metallic lines ol 
the latter were precisely those included in the former. From 
these different facts it seemed clear to Lockyer that in the 
hottest parts of the sun the elements are broken up into new 
forms of matter which he called " proto-elements." Thus, the 
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spectrum of onlcium as it appears in the chromosphere is 
CRHsed by " proto-calcium," And Pickering, he tells ns, 
recognised some time ago a new form of hydrogen in certain 
Btars (e.g. Zeta Puppis) the apectrum of which was quite 
different from that of ordinary hydrogen. It has since (1912) 
been observed by A. Fowler in hydrogen-tubea, containing 
helium. Lockyer speaks of this as " proto-hydrogen." When 
a subetance is heated until it glows, its spectrum lengthens 
with increasing temperature. Commencing with red rays, the 
spectrum first extends into those which are yellow, thence to 
those which are green and blue, and finally into violet and 
ultra-violet, 

Loekyer, by taking advantage of this principle in relation 
to what may be called " stellar thermometry," arrangeB the 
stars into three main groups, namely, those giving 

(1) The longest spectrum. 

(2) A medium ditto. 

(3) The shortest spectrum. 
When the longest spectra are examined, they are found, he 

says, to belong to gases chiefiy, the medium spectra to metals, 
and in the shortest spectra carbon is indicated. Therefore, 
we have the following further classification : — 

(1) Highest temperature, longest spectrum, gaseous stars. 

(2) Medium temperature, medium spectra, metallic stars. 
(8) Lowest temperature, shortest spectra, carbon stars. 

A closer scrutiny of the three groups of stars led Lockyer to 
conclude that in : 

(1) A gas of the helium family was strongly marked viHi 
faint enhanced lines. 

(2) A gas of the same family feebly marked, and strong 
enhanced lines, or no gas of the helium family and strong are 

tnes. 

(3) Faint are lines. 
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Therefore, he says, the chemical law seeme to be as 
follows : — 

(1) In the very hottest etare we find hydrogen, helium 
ssterium, and doubtless other gases still unknown. 

(2) At the next (lower) temperatures, we find these gases 
becoming replaced by metals in the state in which they are 
observed in the laboratory, when the mont powerful jar spark 
is employed. 

(3) At a lower temperature, the gases disappear almost 
entirely, and the metals occur in the state produced by the 
electric arc. 

According to Lockyer, etare were originally formed by the 
falling together of meteorites,' the tempernttire increaeing with 
the condensation of the swarm up to a maximum, and then 
diminishing. This he represents graphically by the following 
diagram. 




■e ihall *ee Utcr, fs bj ni 
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It will be seen that according to it, stare may be arrsn^ 
in Beveii groups, groups 1, 2 and 3 undergoing coudensatiOD, 
and therefore rising in temperature ; Ihe maximam being 
reached in group 4, groups 5, 6 and 7 corresponding in 
temperature with groups 3, 2 and I. but consititing of stars of 
falling temperature. 

Lockyer gives the following list : 

Hottest Stabs, 
Two stars in the constellation of Argo (C Puppis and 7 ArgnaJi , 
Alnitam or Alnilam (t Ononis). 



Stars 01 


f iN-TRltUEDI: 


ITB Tempebatubb. 


ABcending Heries. 

^ Crueis 




Descending series. 

Aehemar 


f Tauri 




Algol 


Rigel 




Markab 


aCygui 






SiriuB 


Polaris 




Procyon 


Aldebaran 


ArcturuB 

Coldest St a lis. 


Ascending series. 






Aotares 




19 Piaciam 


(Nebulie) 




(Dark staraj, 



and he tells us that the metallic lines are thickest in stars of 
increasinfi temperature, and the hydrogen lines thickest in 
stars of decreasing temperature. 

"The atara used in the discusaiou give us very definite results, 
Hhowiug that the various chemical forius are tutruduoed at six distinot 
beat levels." 

He pomts out that the simplest chemical substances 
appear at the highest temperatures, and the more complex at 
lower temperatures. The case of carbon appears to be an 
esception to this rule, but while its atomic weight is low, 
there is reason to believe that its molecule is complex. 
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Lockyer then more or lees leaves the queetioD of evolution 
of the elemeote, and devotes his attention rather to argumenta 
in favour of their composite nature. Among these is what he 
terms "the series evidence." 

It is well known that the spectra of the elements differ in 
complexity. Thus, the spectra of the metals of the alkalies 
consist of but few lines, while the spectrum of iron for instance 
(at the temperature of the arc) contains, according to Rowland, 
some 2.000. 

Can a single atom vibrate in thousands of different ways, at 
the same time, such vibrations corresponding with the lines 
of its spectrum ? 

Certain snbstances show what is called a " banded," 
" fluted " or " channelled apace " spectrum (e.<j., carbon, nitro- 
gen, cyanogen, etc.), such spectra having the appearance of 
a row of Corinthian columns, seen under a strong side light. 
(See Fig. 37.) 

Under sufficient dispersion, each set of bands (i.e., each 
column) is resolved into groups of lines. These get closer 
towards the red or blue end of the spectrum until they 
terminate in a single line, called the " head." A single band 
thus consists of a head and of a series of lines becoming 
more and more separated until they encounter another head. 

A band spectrum therefore consists to a large extent of 
repetitions of similar groups of lines, e.g., pairs, triplets, 
quartets, etc. But the regular distribution of the tines may 
be to a small estent upset by certain irregularities. 

It has been found that mathematical relationships exist 
(1) as regards the lines starting from one head and (2) as to 
the distribution of the heads in the complete spectrum. 

It has also been found that mathematical relationships exist 
as regards the groupings of lines in a spectrum, which often 
form series cbaraclerised by the relative stren^^ths of the lines. 
Thus, the group showing the strongest lines is spoken of as the 
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" principal " series ; that showing weaker lines as the " first 
subordinate " or " nebulous " series ; and that showing the 
weakest lines as the " second subordinate " or " sharp " series. 

A complicated spectrum may often be rearranged in a 
number of such series, each of which shows regularity of 
arrangement. 

As an example existing in such series, the differences in the 
oscillation frequencies (that is, the number of waves per unit 

of length, or - where A is a particular wave length), in three 

series of triplets in the spectrum of zinc, may be given :— ^H 





Dit. 




Dif. 


■ 


(1) 2,079 


910 


2,989 


682 


3,671 


Dif. S9 




39 




38 


(2) 2,118 


910 


3,028 


681 


8,609 


Dif. 18 




18 




20 


(3) 2,136 


910 


3,046 


683 


3,629 



Bat not only do numerical relationships of this kind exist, 
but it is also possible (in certain cases, at all events) to express 
the lines ofaspectriim series by a formula. The first to do this 
was fialmer, who in 1885 gave the following formula for tb^ 
epeotrum of hydrogen : — ^H 

A = A ."'"^ X lO-" em. ^| 

where A is the wave length of the line to be calculated, A a 
constant of the value 8645, and m one of the series of numbers 
S, 4, 6, etc., up to 11. 

With this formula close agreement was found between the 
(then) known and the calculated lines of the gas, while later, 
when Pickering discovered in certain stars what Lockyer 
termed " proto-hydrogen," Balmer's formula was found to 
apply with equal accuracy to its spectrum. 

Other formulie for calculating spectra have been workedl| 
by Kydberg, Bunge and Pascheu, Kayser, and others. 
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Sir J. 3. Thomson may next be quoted as to how this 
" series " evidence, &a Loekyer terms it, bears on the question 
of the complesity of our chemical atoms, 

"As an example of a property that might very well be associated 
with a particular grouping of the corpusoles,' let ua take the 
vibration of the system aa shown by the position of the linea in the 
spectrum of the element. First let us take the case of three cor- 
puaclcB by themselves in the positively electrified sphere. The three 
corpuficles have nine degrees of freedom, so that there are nine 
possible periods. Some of these periods in this case would be 
infinitely long, and several of the periods would be equal to each 
other, HO that we should get nine different periods. 



A e C D B 



I 2 3 12 




" Suppose that the lines in the spectrum of the three corpuscles are 
aa represented in the figure, where the figures under the linei repre- 
sent the number of periods which coalesce at that line ; i.«., regarding 
the periods as given by an equation with nine roots, we suppose that 
there is only one root giving the period corresponding to the line A, 
while corresponding to B there are two equal roots, three equal roots 
corresponding to C, one root to D, and two to E. These periods 
would have certain numerical relations to each other, independent of 
the charge on the corpuscle, the size of the sphere in which they 
are placed, or their distance from the centre of the sphere. Eacli of 
these quantities, although it does not affect the ratio of the periods, 
will have a great effect upon the absolute value of any one of them. 
Now suppose that these three corpuscles, instead of being alone in 
the sphere, form but one out of several groups in it, just as the 
' ■' Klectricitj and Matter," p. 119. 



^H 908 

^■^ other 



CHEinSTRT OLD AND NEW 



1 



briu^la ctf nagnetB lorais » coostitueiit of the grouping 3, 10, 
SO, and 35 nagoeto.' Let oa conaider how the preseDce of the 
other gn>ap> would kfibct the periods of Tibnitioti of the three 
corpuBcles. The abaoIat« vkJuea of the period§ would genernJly be 
entirelj differeot, bat the nUtiooBhip existing between the vhHoub 
periods wodM b« mui^ more persistant, and although it might be modi- 
fied it would not be deetrojed. Using the phraseology of the Pl&netarj 
Theory, we maj regard the motion of the three corpuscles as beiD^ 
' disturbed bj the other groups.' 

" When the groap of three corpuscles was by itself, there were several 
displacements which gare the same period of vibration ; for eiample, 
oorrwptMiding to the line C there were three displacements, all 
giving the same period. ^Vhen, however, there are other groups 
present, then these different displacements will no longer be 
symmetrical with respect to these groups, so that the three periods 
will no longer be quite equal. Tliey would, however, be very nearly 
equal unless the effect of the other groups is very large. Thus, in 
the spectrum, C, instead of being a single line, would become a 
triplet, while B and E would become doublets. A and O would 
remain single lines. 

" Thus the spectrum would now resemble 6 in the figure ; the more 
groups there are surrounding the group of three, the more will the 
motion of the latter be disturbed, and the greater the separation of 
the constitueuts of the triplets and doublets. 

" The appearance as the number of groups increases is shown in t 
and c. Thus, if we regarded the element which coobiinB this particular 
grouping of corpuscles as being in the same gruup in the classifica- 
tion of the elemeots accordiog to the Periodic Law, we should get in 
the spectra of these elements homologous aeries of lines, the distauces 
between the components of the doublets and Lriplels increasing with 
the atomic weight of the cleraeuts. 

"The investigations of Rydbeig, Ruiige and Poschen, and Eayser 
have shown the existence in the spectra of tiie elemeuta of the same 
group, series uf lines, having properties in many respects analogous 
to those we have described." 

Lockyer then adduces further svidence in favour of the view 

that the elementB are of a coinpoBite nature, such aa the 

Zeeman effect, Crookes' meta-elemeuts, etc. 

' See p. 163. 



CHAPTER Xr 
THE NEWEB CHEUISTKY 

THE BIRTH 4ND DEATH OF WORLDS GRAVITATION AND RADIATION 

PBBS8URE8 — AHSHENICs' VIEWS. 

In ft remarkable book entitled "Worlds in the Making," 
Arrhemus takes up the questions of the creation and of the 
eventual destruction of stars and of worlds like our own, and 
gives reasons for beheving that both operations are eimul- 
taneousl; occurring in cosmos, or, so to apeak, a " winding-up " 
and a " running-down " of the machinery of the universe ; 
the two chief forces at work being the mechanical pressure of 
light, or simply the " radiation pressure," on the one hand, 
and gravitation on the other. 

In this chapter, as far as possible, Arrhenius' own words 
will be used. 

The Radiation Preggure. — He tells that as early aa 1746 
Euler expressed the opinion that the waves of light exerted a 
pressure upon the body on which they fell. This was denied 
at the time, but was proved to be correct by Maxwell in 1873, 
in his great theoretical treatise on the nature of electricity. 
Maxwell showed that rays of heat — and the same applies, as 
was shown later, to radiations of any kind — must exert a 
pressure just as great as the amount of energy contained in a 
unit volume, by virtue of their radiation. 

He calculated the magnitude of the pressure, and found it 
BO smalt that it could hardly have been demonstrated with the 
experimental appliances then availabla But, as we shall see 
presently, this was done later. 



I 



210 CHEMISTRY OLD AND NEW * 

Aa already mentioned, Arrhenius applied the facta of the 
radiation pressure to the explanation of certain cosmicflkl 
phenomena, and here hia own words may be quoted : — 

" The magnitude of the radiation pressure of the boUf atmoapkere 
must be equivalent to 2'75 m]^'8. — if the rays strike vertically against 
a black hixly one square ceiitttaietre in area. 

" T also calculated the si/* of a spherule of the eame specific gravity 
as water, such that the railiation pressure to which it would be 
exposed in the viciuity of the gun would balance the attraction of the 
sun. It resulted that equilibrium would be established if the 
diameter of the sphere was 0-0015 mm,, provided, as was afterwards 
ascertained, that all light was reflected from tbe sphere. 

" If the diameter be still smaller, the radiation preasure will prevail 
over the attraction, and the particle be repelled by the sun, but ouly 
up to tbe point where the sphemle is 0'3 times greater than tbe 
wave length of the incident rays. When it is smaller, gravitation 
will ooce more predominate. 

" But Bpherulea whose sizes are intermediate between the«e two 
limits will be repelled. It results, therefore, that m.olecules which 
have far siualler dimenaiuns than those meutioned will not be 
repelled by the radiation pressure, and that therefore Maxwell's Uw 
doe* not hold for gases. When the circumference of the spherule is 
exactly equal to the wave length of the radiation,' radiation pressure 
is at its maximum, and will be nineteen times aa great as the attrac- 
tive force of gravitation. These calculations apply to all spheres, 
totally reflecting the light, of a specific gravity like water, aud t« 
radiation and attraction corresponding to that of the sun. Suice the 
sunlight is not homogeneous, the maximum effect will somewhat be 
diminished, and it is nearly equal to ten times the gravity for 
spheres of a diameter 0-OOOlS mm." 

Effects which ongkt to be produced by Radiation Pressure. — 
It ought to be possible actually to demonstrate tbe effects ol 
radiation pressure, if particles of a sufficiently small size can 
be obtained with a sufEcieutly powerful source of radiation. 

This was done by Nichols and Hull, who, by heating spores 
of tbe fungus Lycoperdon bovista, which are almost spherical, 

' Red, say, -00076 mm. ; violet, say, -00030 mm. 
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and of a diameter of about 0-002 ram., up to a red glow, pro- 
duced little spherules of carbon of an average density of 0"1. 

These were mixed with emery powder, placed in a vessel 
shaped like an hour-glass, and the vessel and its contents 
exhausted as far as possible. They then caused the mixed 
powder to fall in a fine stream into the lower part of the 
vessel, while exposing it to the 
concentrated rays of an arc lamp 
at the same time. The emery 
partielee fell perpendicularly, while 
the carbon spherules were driven 
sideways by the radiation pres- 
sore. 

Bat apart from this actual 
demonstration of its effects, there 
ought to be, one would anticipate, 
coamical phenomena caused by 
radiation pressure of two kinds, 
namely, loss of matter from hot 
I bodies, and gain of the matter thus 
expelled by ciiol bodies. Take, for 
instance, the sun and the stars at 
intensely high temperatures. In 
them, we have every reason for 
believing, stupendous explosions 
occur, leading to the scattering of 
dost into their outer atmospheres, 
together with ionised gas particles. The dust particles, if of 
a size to be affected by the radiation pressure, will be driven 
into space, and approaching relatively cold masses like the 
earth, or more attenuated and colder masses (at least in their 
esterior portions), such as comets and nebuliE, will be attracted 
to them by the force of gravity, and electric phenomena might 
possibly then occur. 

p a 




3S. — DemonBtration of 
nuliatiuD preiiiiure. (From 
ArrhettiuB' "Worlds in tba 
Making.'") 
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The following phenomena appear, Iq point ot fact, to be 
related to the radiation pressiire : — 

(1) Polar Lights {Auroras). — These, aa their name implies, 
occur most frequently in polar regions, altaining their masimuui 
of frequency in circles which euelose the magnetic and geo- 
graphic poles. They are ot two classes, namely, (1) those 
without, and (2) those with streamers. The former are vary 
quiet, and their light is strikingly constant. As a rule, these 
polar lights drift slowly towards the zenith, and they do not give 
rise to magnetic disturbances. They generally have the shape 
of an arch. 

In polar lights of the second class, the streamers (flickering 
lines of light) are sometimes quite separated from each other, 
but, as a rule, and especially below, they melt into one another, 
and form so-called " draperies," which are so easily moved, 
and so iiusteady, that they present the appearance of fluttering 
in the wind. The streamers run approximately in the direction 
of the "dip" or inclination of the magnetic needle. This 
class of polar lights affects the compass. When they pass the 
zenith, their influence on the needle changes sign, so that the 
deviation produced changes from east to west, as the anroral 
ribbon moves from north to south. It is believed that they 
are caused by violent displacements of negative electricity. 
Their frequency corresponds with sun spot maxima, when the 
Botar eruptions are most violent and the velocity ot the ejected 
dust particles at its greatest. 

On the other hand, polar hghts without streamers occur 
most frequently during years of sun spot minima. (See 
Figs. S9 and 40.) 

" The rays of the corona iu the neighbourhood of the poles of the 
sun are then laterally defiected by the action of tKe magnetic lines of ' 
force of the sun. The small negatively charged particles hate 
evideotty a low velocity, so that they move quite olose to the lines of 
force in the neighbourhood of the solar poles, and are C 




KlG. SB,— I'holograiih ut the wilnr curuna, lltOO (after I,aij|^Icy anil AblwIO. 
lllustnitiiig Llie ap|>cHraiiCi! uE tLe curtina in years of minimum i^un-spot 
trequenc;. (Kmni AiThi^iiiii^* ■' Worl.li iii the MakiriK.") 




Kl(l.-|0.-I'llorOLT!.|. 

WHS oTip of nia\i 
ihe Making."! 



THE NEWER CHEMISTRY 



218 



near its equator. There the magnetic forces are weaker, and the 
aolar dust can therefore be eJeote<l by the rixIiHtion pressure, aud will 
accumulate in a large disc expanding iu the equatorial plaue. 

"Part of this solar duBt will come near the earth and be deflected by 
ita magnetic lines of force. It is to be eipectfd that the ue|:;ativel7 
charged particles coming from the sun »ill drift chiefly towards tlie 
district which is situated aomewLat to tbe south of tho magnetic 
north pole when it is noon at this pole. When it is midnight, most 
of the negatiTely charged particles will be caught by the lines of 
force before they pass the geographic north pole, and tlie maxin^um 
belt of auroraH will for this reason surround the magnetic and 
geographic poles " (oa appears to be actually tho case). 

"Where the (negatively-charged) duet collides with molecules of 
air, it will produce a phosphorescent glow, as if these molecules were 
hit by the electrically -charged particles of radium." 

In the spectra of polar lights, the most iatenae line is found 
to belong to the krypton, while the other lines are those of 
other members of the famUy of inert elements, in addition 
to nitrogen. 

Arrhenius suggests that the krypton is of solar origin. 

(2) Comets (literally " hairy bodies ") may be defined as 
long-tailed stare — using the word " star " in the common 
sense as a luminous celestial object. The nucleus, or bright 
and star-like spot, together with the surrounding " coma," or 
hair, are commonly spoken of as the "head "of the comet, 
while the " tail " presents a nebulous appearance, and may 
show more than one streamer. 

Comets may be of enormous size, sometimes actually filling 
more space than the sun does, while their tails often stream 
oat for millions of miles. Comets are very light bodies. 

The spectrum of a comet consists partly of a continuous 
band of colours, which is probably due to sunlight reflected 
from small solid particles, aud partly of the bands charac- 
teristic of gaseous hydrocarbons and cyanogen ; these being 
due to electric discharges through the gases. 

As a comet aiiproacties the uuu its toll lengthens, and other 
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less volatile bodies evaporate from ite nacleaB. The linee of 
sodium appear, and when it is very near the san those of iron 
also. The ejected matter comes from that part of the Doeleos 
■which is turned towards the sun and collects in clouds, analo- 
gous to terrestrial clouds formed on a hot day. These clouds 
are provided with a kind of hood, which envelops like a thin 
semi-spherical veil that side of the nucleus which is tamed 
towards the sun, and sometimes more than one of (h^e hoods 
appear. As early as the beginning of the seventeenth century 
Eepler came to the conclusion that the tails of comets are 
repelled by the sun, and there can be no doubt that such is 
the case, the cause being the sun's radiation pressure acting 
on the minute particles forming the tail. 

Bredichin, a Russian astronomer, conducted a number of 
measurements of the magnitude of the forces with which 
comets' tails are repelled by the sun, and arrived at the con- 
clusion that these tails may be divided into three classes in 
which the repulsion is respectively 19, 3"5 — VB, and I'S — 1 
times stronger than gravitation. 

Some comets show several tails, for instance, that of 
Doitati in 1858 (Fig. 41). They probably consist of highly 
attenuated clouds of particles of different sizes, and different 
specihc gravities, the smiillest and lightest of which may 
consist of minute particles of carbon, containing hydrogen, and 
formed by the carbonisation of hydrocarbons, originally present 
in the tail of the comet. According to Arrhenius it is con- 
ceivable that such spherules may have a specific gravity of 
01 as in the experiment of Nichols and Hull, and under the 
most favourable circumstances eiperience a repulsion 40 times 
as strong as solar gravitation. 

Comets aometimea disappear, and are converted into 
meteorites. Thus, Biela's Comet, which has disappeared since 
1852, was rediscovered in a belt of meteorites which approaches 
the earth's orbit each year on November the 27th. 




Fio. 41.— DoDsti's ooinel ni its grealest lirilliancj in 1858, i^VToin Arrheo 
"WutIiIb ill tiie Making."} 



4 



li 




' "1 ' i V 






THE NEWER CHEMISTRY 



315 



Meteorites contain in addition to the -elements revealed by 
spectrum analysis in comets, namely, 

H, 0, N, Na, Fe, 
the following: — 

He, 0. Mg, AI, Si, P, S, CI, Ca, Ni, Co, Cr, As, 
their compositioit strongly recalling that of the volcanic pro- 
ducts of so-called " basic" nature. According to Arrheniua, 
the structure of meteorites favours the vi<iw that they have 
been formed by the coalescence of a multitude of extremely 
fine grains, and the same author is of the opinion that comets 
are probably formed in the spirals of nehulte, where the 
eosmic dust is stopped in its motion. 

Energy of the Sun. — The sun is dissipating almost incon- 
ceivable amounts of heat, corresponding yearly with 2 gram 
calories for each gram of ite mass. If the specific heat of the 
Bun were the same as that of water, which in that respect 
surpasses most other substances, the aolar temperature would 
obviously fall 2° C. each year, and as the temperature of the 
outer portion of the sun is probably from 6,000 — ^7,000°C,, the 
sun should have cooled completely in historic times. 

Geologists miff believe, however, that the suo must have 
shone on the earth in such a way that animal life was 
possible for at least one hundred million years. 

How then can we account for the supply of heat which tlie 
Bun has lost during that time ? 

Various theories have been proposed. Thus, R. flayer 
suggested that the eun'e income of heat was derived from 
swarms of meteorites dashing into it. But this theory is 
untenable for several reasons, la the Hist place, it may be 
calculated that if the earth dashed into the sun, the heat 
thereby provided would only servo to maintain the sun's heat 
expenditure tor a hundred years. Again, by their rush into 
t)ie sun, almost uniformly from all aides, the meteorites would 
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long ago have put a stop to the son's rotation on its axis, 
while the increase in its mass caused by them would shorten 
each of our years by nearly three seconds, which astronomers 
tell us is not the case — and finally, a corresponding number of 
meteorites would also have to fall upon the earth — and it has 
been calculated that thereby its surface temperature should 
have been raised to 8(X)°C. 

Helmholtz sought to account for the sun's income of beat 
by its own shrinkage, but here again calculations show that 
the heat thus liberated would be insufficient. Ketmholtz him- 
self, on this argument, limited the further existence of the 
earth (under conditions similar to those at present obtaining) 
to 16 million years, and if calculations are made on his data, 
a slate like the present can only have existed for abont 10 
million years. 

Others have suggested that the sun's expenditure of heat is 
due to the solar mass containing radium, and according to 
ArrheniuB, if each kilogram of the sun's miiss contained only 
2 mgB. radium, "that amount would be sufficient to balaqse. 
the heat expenditure of the sun for all future ages." ' 

There are, however, objections to this theory, and the views 
now held by Arrhenius, and apparently by others also, on the 
sources of the sun's heat income, are not only of a very 
remarkable nature, but are also in oonfiict with Lockyer's 
theory of the decomposition of the chemical elements by intense 
heat. 

XOn the contrary, Arrhenius, and those who share his views, 
reason from the fact that heat is not necessarily a decom- 
posing agency — the mechanical theory of heat teaching that 
at high temperatures substances are produced the formation 
of which involves an absorption of heat (endothermic com- 
pounds). Thus acetylene is formed when carbon is heated to 

' From wliat has becD ascertained aa regards tlie " life " of rttlium, it ie diffi- 
cult to «ee baw tbii ciiii lie tlie esc, unless radium is bem); cunataiiti; produced 
in the sun. 
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the temperature of the arc (3,500 — 8,900° C) in aa atmospbere 
of hydrogen, wbile oxygen and nitrogen combiue also at the 
Bame temperature— a fact which is now taken advantage of in 
I a (relatively speaking) new technical process for the inanu- 
focture of nitric acid. 

It is also known from experience that the higher the 
temperature at which a compound is formed, the greater in 
general is the heat absorbed. ' 

A similar law applies to the influence of pressure. When 
the pressure is increased, such processes will be favoured aa 
will yield products of smaller volume. 

Now the spectrum of the sun's photosphere is distinguished 
by lines, while in that of the sun spots bands occur suggestive 
of compounda. 

" If we imagiue u mass of gas mahing down from a higher atratuoi 
of the autt into the deptlia uf its iuterior, as gases do iu suu spots, 
complex compounds will be produced by virtue of the increased 
pressure. This pressure mitst increase at an imraenae rate towards 
- the iuterior of the Biiti, by about 3,600 ats. per kilometre. The gases 
which dissociate Into atoms at the lower pressiu'es aiid the higher 
temperatures of the extreme solnr strata above the photosphere 
clouds enter into combinatioa in the depths of the apots, as we 
learn from spectroscopic examination. Owing to their high tempera- 
tures, these oompouods absorb enormous quantities of heal id their 
building up, and these (juautities of heat are to those which are 
concerned iu the chemical processes of the earth in the same ratio aa 
the temperature of the sun to that at whioh chemical reactious are 
proceeding on the etirtb. Aa these gases penetrate further into the 
BUD, temperature and pressure are stiU more increaaed, and there 
will result proilucts more and moru abounding in energy and conceu- 
tmtioii. We may therefore imagine the interior of the sua charged 



ve) of a few endollier 



mpuuniU may 



si-e, 

CaNa (tri.m dlamaDd) 
C,B, (from diamoad) 



w 

I 



218 CHEMISTRT OLD AND NEW 

with coupoiiDda, vhicb l<r»ught to the Kurfaoe would djsaocittte under 
an enormous evolution of heAt, and an enoruioua increaae of volonie. 
"Thettc compounds bsTe to be regarded as die most powerful 
blaating agents, t>y comparison with which dynamite and gua-«otton 
would appear tike toys." 

End of the Sun. — There is evideDce, bb we have seen, that the 
BSD is DOW a cooling star, bat even when it has cooled down 
to the present temperature of the earth, or even lower, it will 
still contain, according to Arrbenius, mighty supplies of high 
explosives, which ma; make their presence manifest at a later 
stage in its history. 

The extinction of the sun will no doubt be attended at first 
with phenomena snch as occurred in the formation of the 
earth. A solid crust will eventually surround it, to be again 
and again buret by volcanic action, but except for the glowing 
lava and the gleams of the volcanic fires, all will be in dark- 
ness. Next, water will condense as clouds, and eventually 
oceans will form. The sun will now cool rapidly, the oceans 
will freeze, while later ear!K)nie anhydride will liquefy and 
solidify. Later still new oceans will form of the liquefied 
atmospheric gases, while eventually the solar atmosphere will 
consist of hydrogen and helimu with some nitrogen. 

Birth I'f Suns. — When an extinct star moves forward 
through infinite spaces of time, it will ultimately meet another 
star, either cold like itself, or hot and luminous. Arrhenius 
calculates the probable time required for such a meeting, in 
the case of the sun with its present dimensions, and its 
proaent velocity through space (13 miles per second), and finds 
that something like a hundred thousand billion years would 
be required before it would collide with another star of a 
similar kind, or if there are a hundred times as many dark as 
there are luminous stars (an assumption which he says is not 
unjustifiable) the probable interval before the next collision 
may be something like a thousand billion years, during the 
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last 99 per cent, of which the sun will have been a cold 
star. 

The new stars which flash up from time to time probably 
represent such collisions, and thinr spectra tell us that during 
the early part of their history Rases issue from them with 
enormous velocities, while later their spectra change and 
become characteristic of the nebulie. Arrhemus pictures the 
collision between two dark stars by the diagram given below. 




Fig. 43. — Dingrun iiidii«ling Ihc coDteijiienceB of a collUinn between two 
extiDct Buni, A stid B, moving in tlic iJirwjiinii of the siraieht arrows. A 
rapid rotation in the direction of the curted arrowa riwulia and two power- 
ful strcajners are ejtH;ted hj A B. ihe explosive Hubsiaiiee* froto the deeper 
■trata of A ami T< lieing brought up to the sorfoce b; the colli«ion. (Krora 
Arrheniua' " Worlds !□ the Haklug.") 

with special reference to a new star in Perseus {Nova Pernei), 
which fiashed up on February 21-2'2, I90I. His description 
of the course of events probably taking place then is as 
toUovB : — 

" At the collision, matter will have been ejected from totli tbeae 
celestial IxMliea, at right anglea to the relative directintta of their 
motioDH, in two powerful torrents, whiuh wotild be situated in the 
plane in which the two bodies were approuching each other. The 
rotational speed of the double star, which will be dimtuished liy this 
ejection of matter, will have contributed to inorease the energy of 
ejection. We remember now that when matter is bnmght U|i from 
the interior to the mirface of the suu, it will behave like an eipli«ive 
of enormous power. The ejected gases will be hurled in terrific 
tligbt about the rapidly revolving ctsntral portions. . . . The 
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streams are rapidly cooled, owing to the quick eiponsion of the gases. 
They will also contain fine dust, consiating largely of carboD, probably, 
which had been bound by the eiploaive materials. The clouds of 
fine dust will obacure the oew ator more and more, and wilt gradually 
change its white brilliancy into yellow and reddish, because the fine 
dust weakens blue and green rays more than it does yellow ami red 
rays." 

Afterwards the double Bt&r, as its Bpectmm proved, became 
a stellar nebula. 

"The tMiutinuouB light of the central body has more and more 
been weakened by the surrounding masses of dust. By the radiatiou 
pressure, these masses are driven towards the outer psjticiee of the 
surrounding gaseous envelope, consisting principally of hydrogen, 
helium, and ' nebular matter." There the dust discharges its nt^tive 
electricity, and thus calls forth a luminescence which equals that of 
the nebulte. 

" We have to consider next that owing to the incredibly rapid 
rotation, the central mass of the two Htars will, in its out«r portions, 
be exposed to centrifugal forces of extraordinary intensity, and will 
therefore become flattened out to a revolving disc. . . . 

" The spiral form of the outer portions of many nebula) has for a 
long time eicited the greatest attention. In almost all the investi- 
gated instances it has been observed that two spiral branches are 
coiling about the central body. . . , (See Fig. 43.) 

" The nebuJES which ore produced by collisiona between two suns are 
soon crossed by migrating celestial bodies, such as meteorites or comets, 
which there occur in large numbers. By the condensing action of 
these intruders they are then transformed into star clusters. . . . 
(See Fig. 44.) 

" Our coiisiderationa lead to the conclusion that there is rotating 
about the central body of the nebula an immense mass of gas, and 
that outside this mass there are other ceutres of condensation moving 
about the central body, together with the mosses of gas concentrated 
about them. Owing to the friction between the immigrated masses 
and the original mass of gas which circulated in the equatorial plane 
of the central body, all these masses will keep near the equatorial 
plane, which will therefore deviate little from the ecliptio. We thus 
obtain a planetary system, in which the planets are surrouuded by 
colossal spheres of gas. . . . 
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"In concluding this conBidcratiou, we may draw a compariiion 
between tfae Tiews which were still entertained a short time ago and 
the views and prospeeta which the discoveries of modern days open 
to our eyes. 

" Up to the beginning of this century the gravitation of Newton 
seemed to rule supreme over the motions «nd over the development 
of the material universe. By virtue of this gravitation the celestial 
bodies should tend to draw together, to unite in ever-growing maases. 
In the infinite apace of past time the evolution should have proceeded 
BO fiir that some large suns, bright or extinct, could alone persist. 
All life would be impossible under such conditions. 

"And yet we discern in the neighhourhood of the sun quite & 
number of dark bodies, our planets, and we may surmise that similar 
dark companions or sateUites exist in the vicinity of other suns or 
stars; for we could not understand the peculiar to-and-fro motions 
of those stars on any other view. We further observe that quite a 
number of small celestial bodies rush through space in the shape of 
meteorites or shooting stars which must have come to us from the 
more remote portions of the universe. 

" The explanation of these apparent deviations from what we may 
regard as a necessary consequence of the exclusive action of gravity 
will be found under two lieads — in the action of the mechanical 
pressure of light and in the collisions between celestial bodies. The 
latt«r produce enormous vortices of gases about nebular structures in 
the gaseous condition ; the radiation pressure carries oosmical dust 
into the vortices, and the dust collects into meteorites and comets 
uid forms, together with the condensation products of the gaseous 
envelope, the planets and moons accompanying them. 

"The scattering influence of the radiation pressure therefore 
balances the tendency of gravitation to concentrate matter. The 
vortices of gas in the nebula: only serve to fix the position of the 
dust which is ejected from the suns through the action of the 
radiation pressure. 

" The masses of gas within the uebulio form the most important 
centres of concentration of the dust which is ejected from the sun 
and stars. If the world were limited, as people used to fancy, that is 
to say, if the stare were crowded together in a huge heap, and only 
infinite, empty space outside of this heap, the dust particles ejected 
from the suns during post ages by the action of the radiation 
pressure would have been lost in infinite apace, just aa we imagined 
that the radiated energy of the sun was lost. 
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" If that vrere bo, the development of the uuirerBe would long since 
hsTO oome to an end. to an annihilation of all luatter and all energif. 
Herbert Spencer, among others, hax explained how ttioniughlj 
uDsatififactory this view ia. There must be cycles in tlie evolution 
of the universe, lie has emphasiBed. Thiit is raanifeatly indispensable 
if the system is to last. In the more rarefied, gaseous, cold portions 
of the uebiilte we find that part of the machinery of the univerw 
which checkB the waste of matter, and still more the waste of force 
from the sudb. The immigrating dust particles have absorbed the 
radiation of the sun and impart their heat to the separate particles 
of the gaaee with whii^h they collide. The total mass of gas eipamln, 
owing to this alisorption of beat, and cools in couaequence. The 
most energetic molecules travel awity, and are replaced by new 
particles coming from the inner portiuns of the uebulee, which are iu 
their turn cooled by expansion. Thns every ray emitted by a sun 
is absorbed, and its energy is transferred, through the gaseous 
particles of the nebulie, to suns that are being formed and which are 
in the neighbourhood of the nebula or in its iuuer portions. The 
heat is hence concentrated about centres of attraction that have 
drifted into the nebula or about the remnants of the celestial bodies 
which oiice collided there. Thanks to the low temperature of the 
nebula, the matter can again accumulate, while radiation pressure, 
as Poynting has shown, will suffice to keep bodies apart if their 
temi)erature is 15° C, their diameter 3'4 cm,, and their sp, gr. as 
large as that of tbg earth, 5-5. At the distance of the orbit of 
Neplune, where the temperature is idiout 50 absolute and approzi- 
mates therefore that of a nebula, this limit of size ib reduced to 
nearly 1 milliinetre. It has already been suggested that capilUiy 
forces which would prevail uuder the co-oiieration of the dust grains, 
rather than gravity, play a chief part in the accumulation and 
coaleacence of the smaller particles. In the same manner as matt«r 
is concentrated about centres of attraction, energy may be acoumti- 
lated there, in contradiction to the law of the constant increase of 
entropy. 

" During this consorvational activity the layers of gas are rapidly 
rarefied, to be replaced by new masses from the mner parts of the 
nebuln, until this centre is depleted, and the nebula has beeu con- 
verted into a star cluster or a planetary system which circulates 
about one or several suns. When the suns collide once more new 
nebulsB are created. 

"The exploBive subatancaa, consiating probably of hydrogen -a 
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helium (and possibi j of nebulium ^ also) in combination with carbon 
and metals, play a chief part in the evolution from the nebular to 
the stellar state, and in the formation of new nebula) after collisions 
between two dark or bright celestial bodies. The chief laws of 
thermodynamics lead to the assumption that these explosive sub- 
BtancoH are formed during the evolution of the suns and are destroyed 
during tlieir collisions. The enormous stores of energy concentrated 
in these bodies perform, in a certain sense, the duty of powerfully 
acting fly-wheels interposed in the machinery of the universe, in 
order to regulate its movements and to make certain that the cyclic 
transition from the nebular to the star stage and vice versa will occur 
in a regular rhythm during the immense e})ochs which we must 
concede to the evolution of the universe. 

-^***By virtue of this compensating co-operation of gravity and of the 
radiation pressure of light, as well as of temperature equalisation and 
heat concentration, the evolution of the world can continue in an 
oternal cycle, in which there is neither a beginning or end, and in 
which life may exist and continue for ever and undimini shed ." 

1 Characterised by two spectral lines, not found in any terrestrial substance. 
Probably a gas as difficult to liquefy as hydrogen or helium. 
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Continuation op Collib and Patterson's Researches on the 
Presence of Neon in Hydbooen after the fabbasb of 
THG Electric Discharge THROtOH the latter at Low 

PrB98DRB9. 

In Jane 1913' a. further psper on the above was contributed, 
in which it was shown : — 

(1) That electrodes are not necessary, for if a powerful 
oscillating discharge be passed through a coil of wire round a 
glass bulb containing a little hydrogen, helium with some 
neon could be detected in the residual hydrogen. The 
hydrogen and oxygen used in these experiments were tested 
in quantities up to 100 e.c, but not a trace of helium or neon 
was found in them, 

(2) That in an apparatus where the tube through which 
the discharge took place was surrounded by a vacuous tube, 
gaa was perpetually appearing in the latter and disappearing 
in the former, but the volume disappearing was very much 
greater than that appearing in the outer tube. The gaa 
ot>erated upon was hydrogen, and tliat appearing in the outer 
tube consisted largely of the same substance together with 
traces of helium and neon and a gas which gave the spectrum 
of carbon on sparking. The gas rapidly decreased in volume 
usually to about one-half and sometimes even less, the carbon 
epectrum then almost entirely disappearing, while the hydrogen 
(and the traces of helium and neon) remained. This same 
phenomenou almost invariably occurred when testing for helium 
and neon. After the residual hydrogen had been exploded 
with excess of oxygen, and the remainder of the latter absorbed 
by charcoal cooled by liquid air, the gas remaining should lie 

' Proc. Ch»«t. Sk., Vol, XXIS., No. il8, p. aiT. 
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pure helium or neon or a mixture of the two. The Bpectrum. 
however, waa always a carbon spectrum, and it was only after 
sparking for some time that this spectrum disappeared and the 
pure spectrum of helium and neon replaced it. There was 
always at the same time a diminution in the total volume of 
gas, usually over 50 per cent. 

(3) The gas giving the carbon spectrum is also produced in 
the bnlb round which a wire has been curled and through 
which an oscillating discharge has been passed, also in a tube 
coDtaiuing a piece of platinum foil placed in the focus of a 
concave cathode of aluminum bombarded by a cathode stream, 
so that it becomes red-hot. At first hydrogen is given, then 
hydrogen mixed with helium and some neon, then less hydrogen 
and helium and some of the gas giving a carbon spectrum. 
After this apparently no more helium is produced, but an in- 
creasingly large amount of the gas giving thecarboa spectrum. 
If this gas is sparked in contact with mercury vapour, it almost 
instantaneously disappears, and it was found impossible to 
reproduce it by heating the tube or varying the pressure 
in it. 

(4) As it could be separated from the hydrogen in which it 
was found by exploding with excess of oxygen and removing 
that excess by means of charcoal cooled with liquid aur, it 
would appear to be a highly uncondensablegas and not readily 
oxidised. That result, taken in conjunction with the fact that 
it gives a carbon spectrum, is very difficult to explain, and 
the investigators suggest that it may be the same as that 
discovered by Sir J, J. Thomson and called by him " X3." 

Various experiments were made with electrodes which were 
not aluminum, but these need not be discussed here. Finally 
Collie and Patterson arrive at the following conclusions :— 

(a) Electrodes apparently are not necessary for the produc- 
tion of the helium and neon. 

(b) Hydrogen in considerable quantities can be made to 
apparently disappear in tubes through which a heavy discharge 
passes. 

(c) A gas is produced io the tubes that gives a carbon 
spectrum. It entirely disappears when sparks in contact with 
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mercury. It is not readily condensed by charcoal cooled in 
liquid air, nor easily oxidised by sparking with oxygen. 

Finally it may be mentioned that one of the investigators 
was of the opinion that the metallic "splash" given by 
electrodes of certain metals when dissolved in aqua regia gave 
a precipitate with barium chloride, but it was proved later that 
this was due either to something dissolved from the glass or 
to chloride of silver precipitated on diluting the acid solution, 
as metallic silver had been used as a solder to unite the copper 
electrode to the platinum wire sealed into the glass. 
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Brunner, R. Hanufacture of Lubricants, Sboe Polisbes and Leather 

Dressings. Trans, by C. Salter 8vo, *3 

Buel, R. H. Safety Valves. (Science Series Ro. 21.) i6mo, o 

Bulmac, H. P., and Redmajne, R. S. A. Collier; Working and Hanage- 

ment Svo, 6 

BarEh, N. P. Hodero Marine Engineering 4(0, half morocco, 10 

Bnrstall, P.,W. Energy Diagram for Gas. With Text 8to, i 

Diagram. Sold separately "i 

Burt, W. A. Key (o tbe Solar Compass. i6mo, leather, 2 

Burton, P. G. Engineering Estimates and Coat Accounts iimo, *i 

Bnskett, E. W. Fire Assaying. Iimo, *i 

Byers, H. G., and Knight, H. G. Notes on QuaIitatiT« Analysis 8yo, *i 

Cain, W. Brief Course in the Calculus iimo, *i 

Elastic Arches. (Science Series Bo. 48.) i6mo, o 

Maximum Stresses. (Science Series No. 38.) i6mo, o 

Practical Designing Retaining of Walls. (Science Series Ho, 3.) 



i6mo, D 50 
Theory of Steel-concrete Arches and of Vaulted Structures. 

(Science Series Ho. 41.) i6mo, o 50 

Theory o( Voussoir Arches. (Science Series Ho, la.) i6mo, o so 

Symbolic Algebra. (Science Series Bo. 73.) l6ino, o 50 

Campin, F, The Construction of Iron Roofs 8»o, 2 00 

Carpenter, F. D. Geographical Surveying. (Science Series Bo. 37.). i6mo. 

Carpenter, R. C, and Diederichs, H. Internal Combustion Engines. Sto, *5 00 

Carter, E. T. Motive Power and Gearing for Electrical Machinery . .8vo, '5 00 

Carter, H. A. Ramie (Rhea), China Grass iimo, •) 00 

Carter, H. R. Modern Flai, Hemp, and Jute Spinning .8vo, '3 00 

Catbcart, W. L. Machine Design. Part I. Fastenings. 8to, '3 00 

Catbcarl.W. L.. and Chaffee, J. L Elements of Graphic Statics .. .8vo, -300 

Short Course in Graphics lamo, i 50 

Caven, R, M., and Lander, G. D. Systematic Inorganic Chemistry i2mo, 'j 00 

Chalkley, A. P. Diesel Engines 8vo, '3 00 

Chambers' Mathematical Tables 8vo, I 75 

Charnock, G. P. Workshop Practice. (Westminster Series.) 8yo (/n Press.) 

Cbarpentier, P. Timber. 8vo, *6 00 

Chatley, H. Principles and Designs of Aeroplanes. (Science Series.) 

Bo. 126.) idmo, o so 

•- — How to Use Water Power iirao, *i do 

Child, C. D. Electric Arc 8vo, '(In Pnu.) 

Child, C. T. The How and Why of Electricity iimo, i 00 

Christie, W. W. Boiler- waters, Scale, Corrosion, Foaming 8vo, '3 do 

Chimney Design and Theory. . . Svo, *j 00 

Furnace Draft. (Science Series No. 113.) . . . i6mo, o 50 

Water: Its Purification for Dse in tbe Industries 8to, (/n Prrai.) 

Church's Laboratory Guide. Rewritten by Edward Kincb Svo, 

Clmpputoa, G. Practical Papermakiag Svo, 



CUak, A. G. Motor Car Engmeeiing. 

Vol. I. Construction '3 oo 

Vol. n. Design (/n PrtM.) 

Claik, C. H. Marine Gas Engines. lamo, *i 50 

Clark, D. K. Rules, Tables and Data for Mechanical Engineers . Svo, 5 oo 

Fuel; Its Combustion and Economy l2mo, i 50 

The Mechanical Engineer's Pocketbook. rSino, 3 oo 

— — - Tramways: Their Construction and Working Svo, S *•• 

Clark, J. H. New System of Laying Out Railway Turnouts urao, i 00 

Clausen-Thue, W. A B C Telegraphic Code. Fourth Edition iimo, '5 00 

Fifth Edition Svo, •? 00 

The A 1 Telegraphic Code Svo, '7 S» 

Cleemann, T. M. The Railroad Engineer's PracUce .umo, *i 5» 

Clerk, D., and IdeU, F. E. Theory of the Gas Eogine. (Science Series 

Ko. 62.) ifimo, o 5a 

Clevenger, S. R. Treatise on Ibe Method of Government Surveying. 

i6mo, morocco a "50 

Clouth, F. Rubber, Gutta-Percha, and Balata Svo, *5^o«> 

Cochran, J. Treatise on Cement Specifications Svo, (7n Preu.). . \ 

Coffin, J. H. C. Navigation and Nautical Astronomy iimo, *j 50 

Colburn, Z., and Thurston, R. B. Steam BoUer Explosions. (Science 

Series No. 1.) i6mo, o 5* 

Cole, R. S. Treatise on Pbolographlc Optics lamo, i 50 

Coles- Fi nch, W. Water, Its Origin and Use 8vo, *5 00 

Collins, J. E. Useful Alloys and Memoranda for Goldsmiths, Jewelers. 

CooEtantine, E. Marine Engineers, Their Qualifications and Duties. Svo, *i 00 

Coombs, H. A. Gear Teeth. (Science Series No. lao.) i6mD, o So 

Cooper, W. R. Primary Batteries Svo, '4 00 

" The Electrician " Primers... Svo, '5 00 

Part 1 . . *i 50 

Part II •! 50 

Part lU •» 00 

Copperthwaite, W. C. Tunnel Sliields 4(0, '5 00 

Corey, H. T. Water Supply Engineering 8to (Jn Prett.) 

CorfieldjW.H. Dwelling Houses. (Science Seiiel Ho. ;o.) i6mo, o 50 

Water and Water-Supply. (Science Series Ho. 17.) i6ino, o 5* 

Cornwall, H, B. Manual of Blow-pipe Analysis .Svo, 'i 50 

Courtney, C, F. Masonry Dams.. . , .8vo, 3 50 

Cowell.W.B. Pure Air, Ozone, and Water , . lamo, *3 oo 

Craig, T. Motion of a Solid in a Fuel. (Science Series No. 49.) i6mo, o 50 

Wave and Vor(ei Motion. (Science Series No, 43.) lOmo, o 50 

Cramp, W. Continuous Current Machine Design Svo, *! 50 

Crocker, F. B. Electric Lighting. Two Volumes. Svo. 

Vol. I, The Generating Plant. 3 00 

Vol. n. Distributing Systems and Lamps 3 00 

Crocker, F. B., and Arendl, M. Electric Motors Svo, *i so 

Crocker, F. B., and Wheeler, S. S. The Management of Electrical Ma- 
chinery umo, 'i 00 

CroK, C. F., Bevan, E. J., andSindatl, R. W. WoodPMV9Uk^\'>%K.'^^\\<jB.- 
^^ tioas. (Westminster Series.) »•"«>. *\S 
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CroEskef, L, R. Elementary Perepective 8»o, i 

Crossbejr, L. R., and Thaw, J. Advanced Perspective 

Cnllej, J. L. Theory of Arches. (Science Series Ro. 87.) i6mo, 

Davenport, C. The Book. (Westminster Series.) 

Davies, D. C. Metalliferous Minerals and Mining Svo, 

Earthy Minerals and Mining -8vo, 

Davies, E. H. Hacbiner; for Metalliferous Mines Svo, 

Davies, F. H. Electric Power and Traction. Svo, 

Dawson, P. Electric Traction on Railnays Svo, 

Daj, C. The Indicator and Its Diagrams lani 

Deerr, N, Sugar and the Sugar Cane 8^ 

Deite, C. Manual of Soapmaking. Trans, by S. T. King 4I 

De la Couz, H. The Industrial Uses of Water. Trans, by A. Hoiria. 

8vo, 

Del Mar, W. A. Electric Power Conductors Svo, 

Denny, G. A. Deep-level Mines of the Rand 

Diamond Drilling for Gold 

DeRoos, J. D. C. Linkages. (Science Series Mo. 47.) lemo, 

Derr, W. L. Block Signal Operation Oblong iimc 

Maiotenance-of-Way Engineering (/n Preparation. 

Desaint, A. Three Hundred Sbades and How to Mix Them ... .Svo, 

De Varona, A. Sewer Gases. (Science Series No. 55.) .i6mo, 

Devey, R. G. Hill and Factory Wiring, (Installation Manuals Series.) 

Dibdia, W. J. Public Lighting by Gas and Electricity Si 

Purification o[ Sewage and Water. 81 

Dichmami, Carl. Basic Open-Hearth Steel Process lan 

Dteterich, K. Analysis of Resins, Balsams, and Gum Resins Svo, 

Dinger, Lieut. H. C. Care and Operation of Haval Machinery 11 

Dixon, D. B. Machinist's and Steam Engineer's Practical Calculator. 

Doble, W. A. Power Plant Construction on the Pacific Coast (In Press. 
Dodd, G. Dictionary of Manufactures, Mining, Machinery, and thi 

Industrial Arts 

Dorr, B. F. The Surveyor's Guide and Pocket Table-book. 

Down, P. B. Handy Copper Wire Table 

Draper, C. H. Elementary Teit-book of Light, Heat and Sound. 

— Heat and the Principles of Thermo-dynamics 

Duckwall, E. W. Canning and Preserving of Food Products Svo, 

Dumesny, P., and Koyer, J, Wood Products, Distillates, and Extracts. 

Svo, 
Duncan, W. G., and Perunan, D. The Electrical Equipment of Collieries. 

Svo, 
Dunstan.'A. E., and Thole, F. B. T. Textbook of Practical ChemistiT. 

Duthie, A. L. Decorative Glass Processes. (Westminster Series.) . . 

Dwight, H. B. Transmission Line Formulas Svo, {In Preu.) 

Dyson, S. S. Practical Testing of Raw Materials Svo, '5 00 

Dyson, S. S., and Clarkson, S. S, Ctienucal Wotks Bro, *y 50 
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Bccles, R. G., and Duckwall, E. W. Food Preservatives 8vo, papei 

Eddy, H. T. Researches in Graphical Statics 

Maximum Stresses under Concentrated Loads 

Edgcumbe, E. Industrial Electrical Measuring Instruments 

Eiisler, M. The Metallurgy of Gold 8vo 

The Hydrometallurgy of Copper Bvo, 

The Metallurgy ol Silver 

— — The Metallurgy of Argentifetous Lead .8vo, 

Cyanide Process for the Eitraction of Gold 8vo, 

A Handbook on Modern Explosives 

Ekin, T. C. Water Pipe and Sewage Discbarge Diagrams folio, 

Eliot, C. W., and Slorer, F. H. Compendious Manual of Qualitative 

Chemical Analysis. i 

Elliot, Major G. H. European Light-house Systems. . 

Eonts, Wm. D. Linseed Oil and Other Seed Oils . 8vo, 

Applied Thermodynamics 8vo 

Flying Machines To-day , i 

Vapors for Heat Engines lamo, 

Erfurt, J. Dyeing of Paper Pulp. Trans, by J. Hubner 

Erskine-Murray, J. A Handbook of Wireless Telegraphy 8vo, 

Evans, C. A. Macadamised Roads (In Pra,s.) 

Ewing, A. J. Magnetic Induction in Iron 8vo, 

Fairie, J. Rotes on Lead Ores lamo, 

Botes on Pottery Clays , limo, 

Fairley, W., and Andre, Geo. J. Ventilation of Coal Hines. (Science 

Series No. s8.) i6mo, 

Fair weather, W. C. Foreign and Colonial Patent Laws. . 

Fanning, J. T. Hydraulic and Water-supply Engineering 8vo, 

Fauth, P. The Moon in Modern Astronomy. Trans, by J. McCabe, 

Svo, 

Fay, I. W. The Coal-tar Colors 8vo, 

Fernbach, R. L. Glue and Gelatine 8 

Chemical Aspects of Silk Manufacture lai 

Fischer, E. The Preparation of Organic Compounds. Trans, by R. 

Stanford lac 

Fish, J. C. L. Lettering of Working Drawings Oblong Svo, 

Fisher, H. K. C, and Darby, W. C, Submarine Cable Testing Svo 

Fiske, Lieut, B. A. Electricity in Theory and Practice.. , Svo 

Fleischmann, W. The Book of the Dairy. Trans, by C. H. Aikman. Svo, 4 00 
Fleming, J. A. The Alternate-current Transformer. Two Volumes. 8vo. 

Vol. I. The Induction of Electric Currents •500 

Vol. n. The Utilization of Induced Currents "S 00 

Propagatioa of Electric Currents 8to, *3 00 

Centenary of the Electrical Current. . Svo, 'o 50 

— Electric Lamps and Electric Lighting Svo, '3 00 

Electrical Laboratory Notes and Forms 4to, *$ 00 

A Handbook for the Electrical Laboratory and Testing Room. Two 

Volumes . , Svo, each, "5 00 

Fluery, H. The Calculus Without Limits or InQnitesimals. Trans, h; 
C. 0. Mailloui V,\ivVtw*>» 
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cijim, P. J. Flow of Water. (Science Series Ho. S4.} i6mo, 

Hydraulic Tables. (Science Series No. 66.) ifimo, o so 

Foley, N. British and American Customary and Bletric He«snm, .folio, *j do 
Foster, H. A. Electrical Eogineeis' Pocket-booli. {Sixth Edilum.) 

i2mo, leather, 5 00 

Eaglneering Valuation of Public Utilities and Factories 8vo, *3 00 

Foster, Gen. J. G. Submarine Blasting in Boston (Mass.) Harbor.. 410, 3 50 

Fowie, F. F. Overhead Transmission Line Crossings ... iimo, *t 50 

The Solution of Alternating Current Problems. , 8»o {In Press.) 

Foi, W. G. Transition Curvet. (Science Series Ho. no.).. i6mo, o 5» 

Foi, W., and Thomas, C. W. Practical Course in Hechaoical Draw- 
ing ... ... I imo, I J5 

Foye, J. C. Chemical Problems. (Science Series No. 69.) i6mo, o 50 

Handbook of Mineralogy. (Science Series No. 86.) .... t6mo, o 50 

Francis, J. B. Lowell Hydraulic Experiments 4(0, 15 oo 

Freudemacber, P. W. Electrical Mining Installatloiu. (loBtallalion 

Manuals Series ) iimo, *t 00 

Frith, J. AltemaliDg Cturent Design 8to, *3 00 

Fritsch, J. Manufacture of Chemictl Maniues. Trans, by D. Grant. 

8vo, '4 00 

FtyB, A. I. Civil Engineers' Pocket-book .i»mo, leather, 

FtiUer, G. W. Investigations into the Purification of the Ohio River. 

4lo. "lo 00 

Fnrnell, J. Paints, Colors, Oils, and Varnishes .... 8vo, 'i 00 

Gtirdner, J. W. I. Earthwork 870, {In Prat.) 

Gant, L, W. Elements of Electric Traction . , . 8vo, *j 50 

Garforth, W. E. Rules for Recovering Coal Mines after Explosions and 

Fires iimo, leather, 150 

Gandard, J, Foundations. (Science Series No. 34.). i6mo, o 50 

Gear, H. B., and Williams, P. F. Electric Central Station Distribution 

Systems .8vo, *3 00 

Geerligs, H. C. P. Cane Sugar and Its Manufacture. 8vo, *s oo 

Geikie, J. Structural and Field Geology 8vo, '4 oa 

Getber.N. Analysisof Hilk.CondensedHilk.andlnfants'Uilk-Food. 8vo, i 15 
Gerhard, W. P. Sanitation, Watersupply and Sewage Disposal of Country 

Gas Lighting, (Science Series No, iii.) i6mo, o 50 

Household Wastes. (Science Series No. 97.) i6mo, o so 

— House Drainage. (Science Series No. 63.) i6mo, o so 

Sanitary Drainage of Buildings. (Science Series No. 93.) ifimo, o 50 

Gerhardi, C. W. H. Electricity Meters 8vo, '4 00 

Geschwiud. L. Manufacture of Alum and Sulphates. Ttkna. by C. 

Sailer 8vo, 's 00 

Gibbs, W. E. Lighting by Acetylene lamo, *i 50 

Physics of Solids and Fluids. (Cainegia TeduicBl School'a Text- 
books.).. 'i 50 

Gibson, A. H. Hydraulics and Its Application 8vo, *$ 00 

Water Hammer in Hydraulic Pipe Lines iimo, *! 00 

Gitbretb, F. B. Motion Study Iimo, 'i 00 

Primer of Scientific Hanagement , , 



i 
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GiUmofG, Gen. Q. A. LimsB, HjdiBulicCementtoEdHortBn 8vo, 

Koads, Streets, and Pavemenls lamo, 

Goldiof!, H. A. The Theta-Pbi Diagram,. lamo, 

Goldschmidt, R. Alternating Current Commutatoi Motor 8vo, 

Goodchild, W. Precious Stones. (Westminster Series.) 8vo, 

Goodeve, T. H. Textbook on the Steam-engine. . lamo, 

Gore, G. Electrolytic Separation of Metals 8vo, 

Gould, E. S. Arithmetic of the Steam-engine iimo, 

Calculus. (Science Series No. 1 1 1.) , , i6mo, 

High Hasonrf Dams. (Science Series Ho. as.) i6mo, 

Practical Hydrostatics and Hydrostatic FormuUs. (Science Series 

No. 117.) . , . , i6mo, 



Grant, J. Brewing and Distilling. (Westminster Series.) 8to (/n Press.) 

GraUcap, L. P. A Popular Guide to MtaeralB B»o (In Preia.) 

Grey, J. Eleclrical Influence Machines lamo, i 00 

Marine Boiler Design lamo, (In Press.) 

Gieenhill, 0. Dynamics of Mechanical Flight 8to, (In Press.) 

Greenwood, E. Classified Guide to Technical and Commercial Books. 8vo, *3 00 

Gregorius, B. Mineral Waxes. Trans, by C. Salter lamo, *3 00 

Griffiths, A. B. A Treatise on Manures. lamo, 3 oo 

Dental Metallurgy. , 8vo, '3 50 

Gross, E. Hops 8to, '4 50 

Grossman, J. Ammonia and Its Compounds iimo, *i 15 

Groth, L. A. Welding and Cutting Metals by Gam or Electricity 8to, *3 00 

Grover, F. Modern Gas and Oil Engines .8vo, *i 00 

Gruncr, A. Power-loom Weaving 8vo, *3 00 

GUldner, Hugo. Internal Combustion Engines. Trans, by H. Diederichs. 

4to, 'lo 00 

Gunther, C. 0. Integration iimo, *t as 

Gnrden, R. L. Traverse Tables folio, half morocco, *7 50 

Guy, A. E. Experiments on the Flexure of Beams Svo, *i as 

Haeder, H. Handbook on the Steam-engine. Trans, by H. H. P. 

Powles . tamo, 3 00 

Hainbach, R. Pottery Decoration. Trans, by C. Slater iimo, '3 00 

Haenig, A. Emery and Emery Industry.. 8to, Un Prtis ) 

Hale, W. J. Calculations of General Chemistry. ..... .... tamo, *i 00 

Ball, C. U. Cbemislry of Paints and Paint Vehicles . timo, 'a 00 

Hall, R. H. Governors and Governing Mechanism . . i imo, *] oo 

Hall, W. S. Elements of the Differential and Integral Calculus. . Svo, 'a as 

Descriptive Geometry 

Haller, G. F., and Cunningham, £. T. 

Halsey, F. A. Slide Valve Gears rimo, 

The Use of the Slide Rule. (Science Series No. 114. 1 i6mo, 

Worm and Spiral Gearing. (Science Series No. 1 15.) . , . i6mo, 

Hamilton, W. G. Useful Information for Railway Hen . . . i6mo, 

Hammer, W. J. Radium and Other Radio-active Substances Svo, ' 

Hancock, H. Textbook of Mechanics and Hydrostatics , . . Svo, 

Bardy, E. Elementary Principles of Graphic Statics. ..... laiDO, ' 

Harrison, W. B. The Mechanics' Tool-book . . -v-niva, 

%J.W. £xternaJ Plumbing Work ...%'»'>, 



i 50 
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Htft, J. W. Hinti to Plnmbtn on Joint Vifiag 8«o, * 

Principles of Hot Water Supply 8»o, * 

Suiilarjr Plumbing tni Drainage 8to, * 

B»«Hn», c. H. The Galnnometcr and lit Om*. itmio. 

Ban, J. A, H. TbeColoritt ^nare tima. • 

Batubrand, E. Dryini; bj Meana of Air mat Staan. ^ans. bj A. C. 

Wright iimo, " 

Evaporating, Condensing and Cooling AppaiatDi. Ttau. by A. C. 

Wright 8to, • 

Hausner, A. Uaaufactuce of Preserved Food* and Sweetmeats. Trana. 

bj A. Morris and H. Robson Sttt, •, 

Hawke, W. H. Premier Cipher Telegraphic Code 4to, ■; 

100,000 Words Sapplemeot to th« Premier Code 410, •; 

Hawkeswoith, J. Graphical Handbook (or Reinforced Concrete Oesigo. 

4to. •. 

Hay, A. Alternating Currents Svo, '. 

Electrical Distributing Networks and Distributing Lines 8vo, *, 

Cootiauous Current Engineering 8vo, •. 

Heap, Blajor D. P. Electrical Appliances 8vo, 

Heaviside, O. Electromagnetic Theory. Two Volumes .. . 8vo, each, *; 

Heck, R. C. H. The Steam Eagine and Turbine . 8to, '; 

Steam-Engiiie and Other Steam Motors. Two Volumes. 

Vol. I. Thermodynamics and the Mechanics ..... 8vo, *, 

Vol. n. Form, Constroction, and Working Swa, •; 

Notes on Elementary Kinematics Svo, boards, •: 

Graphics ol Machine Forces .... ,8vo, boards, '1 

Hedges, K. Modern Lightning Conductors .8to, ; 

Heermann, P. Dyers' Materials. Trans, by A. C. Wright lamo, *; 
Bellot, Macquer and D'Apligny. Art of Dyeing Wool, Silk and Cotton. 

8vo, •; 

Henrici, O. Skeleton Structures 8vo, j 

Hering, D. W. EssentialE of Physics for College Students 8to, *■ 

Hering-Shaw, A. Domestic Sanitation and Plumbing. Two V<^- Svo, *■ 

Elementary Science 8to, •: 

Herrmano, G. The Graphical Statics of Mechanism. TVans. by A. P. 

Smith ... Ijmo, ] 

Herzfeld, J. Testing of Yarns and Textile Fabrics Svo, 'j 

Bildebrandt, A. Airships, Past and Present ...... 8vo, "j 

Hildenbrand, B. W. Cable-Making. (Science Series Ho. 31.) i6mo, 

HUditch, T. P. A Concise History of Chemistry iimo, 'i 

Bill, J. W. The Purification of Public Water Supplies. Hew Edition. 

tin Frets.) 

Interpretation of Water Analysis ... .. .(/n Prtm.) 

Blroi, L Plate Girder Construction. (Science Series So. 05.) i6mo, 

— —Stalically-lndeterminale Stresses timo, •» 

Hirihfeld, C. F. Engineering Thermodynamics. (Science Series No. 45.) 

Hobart, H. H. Heavy Electrical Engineering Svo, '4 

Design of Sutic Transformers lamo, 'i 

~ Electricity . Svo, * j 

tetrk Trains -%»», "^ 
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Hobart, H. H. Electric Propulsion of Ships 

Hofaart, J. F. Hard Soldering, Soft Soldering and Branng. laimo, 

(/n Prws. 
Hobbs, W. K. P. The Arithmetic of Electrical Heasuremeats . . .naiQ 

Eoff, J. N. Paint and Varnish Facts and Formulas iimc 

HoS, Com. W. B. The Avoidance of Collisions at Sea . i6mo, 

Hole, W. The Distribution of Gas 

Holler, A- I" Railway Practice , . folio. 

Holmes, A. B. The Electric Light Popularly Explained .... i^mo, paper, 

Hopkina, N. M. Experimental Electrochemistry 

Model Engines and Small Boats 

Bopkinson, J. Sboolbred, J. S., and Day, R. E. Dynamic Elecbicity. 

(Science Series Ko. 71.) i6mo, 

Horner, J. Engineers' Turning .8vO| 

Metal Turning un 

Toothed Gearing lan 

Houghton, C. E. The Elements of Uechanics of Materials un 

HouUevigue, L. The Evolution of the Sciences 8' 

Howe, G. Mathematics for the Practical Man tm 

Howorth, J, Repairing and Riveting Glass, China and Earthenware. 

Svo, paper, 
Hubbard, £. The Dtilizalion of Wood-waste . . . 
Hllbner, J. Bleaching and Dyeing of Vegetable and Fibrous Materials 

(Outlines of Industrial Chemistry) Svo, {In Press.) 

Hudson, O. F. Iron and Steel. (Outlines of Industrial Chemistry.) 

Svo, {In Frest.) 

Humper, W. Calculation of Strains in Girders. . . 

Humphreys, A. C. The Business Features of Engineering Practice. Svo, 

Hunter, A. Bridge Work. 8vo, (In Pre**.) 

Hurst, G. H. Handbook of the Theory of Color 

Dictionary of Chemicals and Raw Products 

Lubricating Oils, Fats and Greases Svo, 

Textile Soaps and Oils 

Hurst, H. E., and Lattey, R. T. Text-book of Phywcs Svo, 

Hutchinson, R. W., Jr. Long Distance Electric Power Transmission. 

Hutchinson, R. W., Jr., and Ihlseng, H. C. Electricity in Mining. . iin 

(In Press) 
Hutchinson, W. B. Patents and How to Make Money Out of Them, umo, 

Huiion, W. S. Steam-boiler Construction .8vo, 

F'ractical Engineer's Handbook 

— — The Works' Manager's Handbook Svo, 

Hyde, E. W. Skew Arches. (Science Series Ho. 15.) 

Induction Coils. (Science Series No. 53.) i6mo, 

Ingle, H, Manual of Agricultural Chemistry Svo, 

Inoes, C. H. Problems in Machine Design 

Air CompressorE and Blowing Engines. 

Centrifugal Pumps. 

The Fan 
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Isherwood, B. F. Engineering Precedenta for Steam HBchiner?. .... 8to, 
Ivatts, E. B. Railway Hanagemtnt at Stations 8to, 

Jacob, A., and Gould, E. S. On the Designing and Construclion ol 

Storage Beservoirs. (Science Series No. 6.). ........ . . . i6mO, 

Jamieson, A. Text Book oo Steam and Steam Engines. Svo, 

Elemenlary Haaual on Steam and the Steam Engine iimo, 

Jannettaz, E. Guide to the Determination of Rocks. Trans, hj G. W. 

Plympton izmo, 

Jehl, F. Manufacture of Carbons Svo, 

Jennings, A. S. Commercial Paints and Painting. (Westminster Series.] 
8to (In Press.) 

Jeonison, F. H. The Manufacture of Lake Pigments 8vo, 

Jepson, G. Cams and the Principles of their Construction .Svo, 

Mechanical Drawing 8to (/n Preparation.) 

Jockin, W. Arithmetic of the Gold and Silversmitb. iimo, 

Johnson, G. L. Photographic Optics and Color Photography 8vo, 

Johnson, J. H. Arc Lamps and Accessory Apparatus. (Installation 

Manuals Series.) , iimo, 

Johnson, T. M. Ship Wiring and Fitting. (Instxltation Manuals 

Series) lamo, 

Johnson, W. H. The Cultivation and Preparation of Para Rubber . Svo, 

Johnson, W. McA. The Metallurgy of Bickel (/n Preparation.) 

Johnston, J. F. W., and Cameron, C. Elements of Agricultural Chemistry 

and Geology. . . izmo, 

Joly, J. Haidoactivity and Geology timo, 

Jones, H. C. Electrical Nature of Matter and Radioactivity iimo, 

Jones, M. W, Testing Raw Materials Used in Paint lamo, 

Jones, L., and Scard, F. I. Manufactw^e of Cane Sugar 8to, 

Jordan, L. C. Practical Railway Spiral lamo, Leather, (fn Prest.) 

Joynson, F. H. DeEigning and Construction of Machine Gearing. . . .8to, 
Jliptner, H. F. V. Siderology: The Science of Iron 8to, 

Kansas City Bridge 4to, 

Kapp, G. Alternate Current Machinery. (Science Series So. g6.) . i6mo, 

Electric Transmission of Energy lamo, 

Keim, A. W. Prevention of Dampness in Buildings 8»o, 

Keller, S. S. Mathematics for Engineering Students. lamo, half leather. 

Algebra and Trigonometry, with a Chapter on Vectors 

Special Algebra Edition 

Plane and Solid Geometry 

Analytical Geometry and Calculus 

Kelsey, W. R, Continuous-current Dynomoi wmA llolon 8to, ' 

Eemble, W. T., and Underhill, C. R. The Periodic L«w and the Hydrogen 

Spectrum Bvo, paper, 

Kemp, J. F. Handbook of Rocks Svo, 

Kendall, E. Twelve Figure Cipher Code 4to, 

Kennedy, A. B. W., and Thurston, R. H. Kinematics of Machinery. 

(Science Series No. 54.) i6mo, 

XeDDedy, A. B. W,, Unwio, W. C, and Idell, F. E. Compressed Air. 
(Science Series No. io5.) \*Han, 



•i 50 
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Econedj, R. Hodeni Engioei and Power Generators. Six Volumes. 4I0, 15 00 

Single Volumes each, 3 00 

Electrical InEtallations. Five Volumes .4to, 15 00 

Single Volumes. . . . each, 3 50 

Flying Machines; Practice and Design Iimo, '1 00 

Principles of Aeroplane Construction.. . 8vo, *l 50 

Kennelly, A. E. Electro- dynamic Machinery 8vo, i 50 

Keat, W. Strength of Materials. (Science Series Ho. 41.) i6mo, o 50 

Kershaw, J. B. C. Fuel, Water and Gas Analfsis Svo, *i 50 

Electrometallurgy. (Westminster Series.) Svo, *3 00 

The Electric Furnace in Iron and Steel Prodactioii i3mo, "l go 

Kinzbrunner, C. Allernale Current Windings 8vo, *l 50 

Continuous Current Armatures _. . Svo, *i 50 

Testing of Alternating Current Machines. . Svo, '2 00 

Kirkaldy, W. G. David Kirkaldy's System of Mechanical Testing 410, to 00 

Kirkbride, J. Engraving for Illustration Svo, 'i 50 

Eirkwood, J. P. Filtration of River Waters 4to, 7 so 

Klein, J. F. Design of a High-speed Steam-engine Svo, *5 oo 

Physical Significance of Entropy Svo, *! 50 

Kleinhans, F. B. Boiler Construction , , 8vo, 300 

Ko^ht, R.-Adm. A. M. Modem Seamanship Svo, *7 so 

Half morocco »!) 00 

Knoi, W. F. Logaritiim Tables (in PTeparaiion.) 

Knott, C. G., and Hackay, J. S. Practical Hattaematici Svo, 3 00 

Koester, F, Steam-Electric Power Plants 4to, •$ 00 

Hydroelectric Developments and Engineering 4to, *s 00 

Koller, T. The PtUization of Waste Products 8vo, *3 50 

Cosmetics. Svo, 'j 50 

Kretchmar, K. Yam and Warp Sizing, , .. Svo, *4 00 

Erischke, A. Gas and Oil Engines .-iimo, *i 15 

Lambert, T. Lead and its Compounds. Svo, *] 50 

Bone Products and Mantires Svo, '3 00 

Lambom, L. L. Cottonseed Products. . Svo, '3 00 

Modern Soaps, Candles, and Glycerin Svo, '7 50 

Lamprecht,R. Recovery Work After Pit Fires. Trans. byC. Salter, .Svo, *4 00 
Lanchester, F. W. Aerial Flight. Two Volumes. Svo. 

Vol. I. Aerodynamics , . '6 00 

Aerial Flight. Vol. II. Aerodonetics . '6 00 

Larner, E. T. Principles of Alternating Currents iimo, *i 25 

Larrabee, C. S. Cipher and Secret Letter and Telegraphic Code 16010, o 60 

La Rue, B, F. Swing Bridges. (Science Series Bo, 107.) i6mo, o 50 

Lassar-Cohn, Dr. Modern Scientific Chemistry. Trans, by M. H. Patti- 

Latimer, L. H., Field, C. J., and Howell, J. W. Incandm^nt Electric 

Lighting. (Science Series No. 57.) l6ma, o so 

Latta, M. N. Handbook of American Gas-Engineering Practice Svo, '4 so 

— American Producer Gas Practice ,410, *6 00 

Lcask, A. R. Breakdowns at Sea lamo, 3 00 

Refrigerating Machinery — iitsmi 1 «» 

Leckr, S. T. S. " Wrinkles " in Practice.! HaviftftWoa *'»'>. *^ 



1 



16 D, VAN NOSTRAND COMPANY'S SHORT TITLE CATALOG 

Le Doui, H. Ice-Haking Machines. (SciencG SerieB Ho. 46.) .... 161110, 
Leeds, C. C. Hecbanical Drawiag fm Trade ScboolB... oblong 4to, 

High School Edilion "i as 

Machinery Trades Edition .....,,.,.. *i 00 

Lettvre. L, Architectural Polterj- Trans, by H. K^ Bird and W. M. 

Binns . .410, *7 50 

Lebner, S. Ink Manufacture. Trans, bj A. Horris and H. RobEon . . 8vo, *i 50 

Lemstrom, S. Electricity in Agriculture and Horticulture 8vo, 'i 50 

Le Van, W. B. Steam-Engine ludicalor. (Science Series No. 7S.) . i6ino, o 50 

Lewes, V. B. Liquid and Gaseous Fuels. IWeatminEier Series.). , , .8vo, *i 00 

Lewis, L. P. Railway Signal Engineering 8vo, 'j 50 

Lieber, B. F. Liebei's Standard Telegraphic Code Svo, *io oo 

Code. German Edition 8vo, 'to 00 

. Spanish Edition , Svo, • 10 00 

French Edition ,8vo, "10 00 

Terminal Indei Svo, '2 so 

Lieber's Appeodii folio, *is 00 

— Handy Tables. 4to, •» 50 

Bankers and Stockbrokers' Code and Merchants and Shippers' Blank 

Tables , . . 8vo, 'is 00 

100,000,000 Combinatioii Code Svo, *io 00 

Engineering Code Svo, *ia 50 

Livermore, V. P., and Williams, J. How to Become a Competent Hotor- 

LivingEtone, R. Design and ConEtruction of Commutators. Svo, *2 is 

Lobben, P. Hachinisla' and Draftsmen's Handbook Svo, 2 50 

Locke, A. G. and C. G. Manufacture of Sulphuric Acid Bvo, to 00 

Lockwood, T. D. Electricity, Magneiism, and Electro-telegraph . . . 8vo, 1 50 

Electrical Measurement and the Galvanometer lamo, o 75 

Lodge, 0. J. Elementary Mechanics , iimo, r 50 

■ Signalling Across Space without Wires Svo, *2 do 

Loewenstein, L. C, and Crissey, C. P. Centrifugal Pump« *4 50 

Lord, R. T. Decorative and Fancy Fabrics . 8vo, *i 50 

Loring, A. E. A Handbook of the Electromagnetic Telegraph.. . . i6mo, o 50 

Handbook. (Science Series Bo. 39.) i6mo, o 50 

Low, D. A. Applied Mechanics (Elementary) i6mo, 080 

Lubscbez, B J. Perspective (In Ptu».) 

Lucke, C. E.- Gas Engine Design Svo, *3 00 

Power Plants: Design, EtHciency, and Power Costa. 3 vols. {In Prepamlion.) 

Lunge, G. Coal-tar and Ammonia. Two Volumes ., 8vo, ♦is oo 

Manufacture of Sulphuric Acid and Alkali. Four Volumes, . , , Svo, 

Vol. I. Sulphuric Acid. In two parts . "15 00 

Vol. n. Salt Cake, Hydrochloric Acid and Leblanc Soda. Intwoparb *15 oa 

VoL III. Ammonia Soda. *to 00 

VoL rv. Electrolytic Methods (/n Preaa.) 

Technical Chemists' Handbook iimo, leather, '3 50 

Technical Methods of Chemical Analysis. Trans, by C. A. Eeane. 

in collaboration with the corps of specialists. 

Vol. I. In two parts Svo, *i5 00 

Vol. n. In two parts 8to, "18 00 

^m '•VtA. IS ^l'^ pT«paialMm.:^ ^H 
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Lupton, A., Pan, G. D. A., and PerkiD, H. Electricilf as Applied to ^ 

Mioins 8to, *4 50 I 

Luquer, L. M. Uinerals in Rock Sections 8to, *i S" 

Macewen, H. A. Food Inspection Bvo, *l 50 

Mackeniie, B. F. Notes on Irtigalion Works 8vo, 'a so 

Mackie, J. How to Make a Woolen MiU Pay 8vo, *2 00 

Uackrow, C. Naval Architect's and Shipbuilder's Pocket-book. 

161110, leather, 5 00 

Haguire, Wm. R. Domestic Sanitarj Draioage and Plumbing 8vo, 4 00 

llallet, A. Compound Engines. Trans, by R. R. Buel. (Science Series 

Mo. 10. ) . . . i6mo, 

Mansfield, A. S, Electco-magnels. (Science Series No. 64.) i6mo, a 50 

Maiks, E. C. R. Construction of Cranes and Lifting Hachittery. . , , timo, *t so 

Construction and Working of Pumps iimo, 'i 50 

— — Manufacture of Iron and Steel Tubes lamo, *i 00 

Mechanical Engineering Materials iinio, 'i 00 

Harks, G. C. Hydraulic Power Engineering 8vo, 3 50 

Inventions, Patents and Designs .... , iimo, *i 00 

Harlow, T.G. Drying Machinery and Practice . 8vo, *5 00 

Marsh, C. F. Concise Treatise on Reinforced Concrete 8vo, *i so 

Reinforced Concrete Compressioa Member Diagram. HoimtedoD 

Cloth Boards "l 50 

Marsb, C. F., and Dunn, W. Reinforced Concrete 4to, *s 00 

Marsh, C. F., and Dunn, W. Manual of Reinforced Concrete and Con- 
crete Block Construction . . i6nio, morocco, *i 50 

MarBhoU, W. J., and Sankey, H. R. Gai Engines. (Westminster Series.) 

8to, •» 00 

Martin. G, Triumphs and Wonders of Modem Chemistry 8vo, *3 00 

Martin, N. Properties and Design of Reinforced Concrete. 

(In Proa.) 
Hassie, W. W., and UnderhiU, C. R. Wireless Telegraphy and Telephony. 

Hatheson, D. Australian Saw-Hiller's Log and Timber Ready Reckoner. 

i2mo, leather, i so 

Hathot, R. E. Internal Combustion Engines Svo, *6 oo 

Uaurice, W. Electric Blasting Apparatus and Explosives Svo, *'j 50 

Shot Firer's Guide 8vo, *i 50 

Uaiwell, J. C. Matter and Motion. (Science Series No. 36.) r6mo, o so 

Maxwell, W. H., and Brown, J. T. Encyclopedia of Municipal end Sani- 
tary Engineering .4to, 'lo 00 

Mayer, A. H. Lecture Notes on Pbysica Svo, i 00 

McCullough. R. S, Mechanical Theory of Heat Svo, 3 SO 

Mcintosh, J. G. Technology of Sugar Svo, *4 50 

Industrial Alcohol .Svo, *3 00 

Manufacture of Varnishes and Kindred Industries. Three Volumes. 

Svo. 

VoL I. Oil Crushing, Refining and Boiling *3 S" 

VoL II. Varnish Materials and Oil Varnish Malring *4, «<i 

Vol. m. Spirit Varnishes and Uaterials *SVi 

McKuight, J. D., and Brown, A. W. Marine ttuUUuWUt ■fitJAMi "->. »p 
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HcHaster, J. B. Bridee and Tuonil Centrea. (Science Series Ho. 

tCitio, 50 

McHechea, F. L. Tests for Ores, Minerals and HelaU . iimo, "t 00 

McNeiU, B. McBeill's Code Svo, •600 

HcPhersoo, J. A. Water-works DiGtribution 8to, 1 50 

Melick, C. W. Dairy Laboratory Guide iimo, 'i aj 

Merck, E. Chemical Reagents; Their Purity and Teste Svo, *i 50 

Merritt, Wni. H. Field Testing for Gold and Silver i6mo, leather, 1 50 

Messer, W. A. Railway Permanent Way Svo, [In Prett.) 

Meyer, J, G. A., and Pecker, C. G. Mechanical Drawing and Machine 

Design , . 410, 5 00 

Michel!, S. Mine Drainage Svo, 10 00 

Mierzinski, S. Waterproofing ot Fabrics. Trans, by A. Morris and H. 

Robson 8to, "a 50 

Miller, E. E. Quantitative Analysis for Mining Engineers Svo, *i 50 

Miller, G. A. Determinants. (Science Series Ro. 105<) iCmo, 

Milroy, M. E. W. Home Lace-making umo, "r 00 

Minifie, W. Mechanical Drawing Svo, '4 00 

Mitchell, C. A., and Prideaui, R. M. Fibres Used In Textile and Allied 

Industries Svo, '3 00 

Modern Meleorology iimo, 1 50 

Monckton, C. C. F. Radiotelegrapby. (Westminster Series.) . . . Svo,' '2 00 
Monteverde, R. D. Vest Pocket Glossary of English-Spanish, Spanish- 
English Technical Terms ... . 64mo, leather. * i 00 

Moore, E. C. S. Hew Tables for the Complete Solution of GatiguUlet and 

Eutter's Formula . . . . . Svo, '5 00 

Horecroft, J. H., and Hebre, F. W. Short Course in Electrical Testing. 

Svo, 'i 50 

Horeing, C. A., and Neal, T. New General and Mining Telegraph Code, Svo, *s 00 

Morgan, A. P. Wireless Telegraph Apparatus for Amateurs iimo, *i 50 

Moses, A. J. The Characters of Crystals , Svo, *i 00 

Hoses, A. J., and Parsons, C. t. Elements of Mineralogy Svo, *3 50 

Moss, S. A. Elements of Gas Engine Design. (Science Series Ho.iit.lrCmo, o 5a 

The Lay-out of Corliss Valve Gears. (Science SerlesHo. iio.).i6mo, o s* 

Mulford, A. C. Boundaries and Landmarks (/n Prew.) 

Mullin, J. P. Modern Moulding and Pattern-making tuao, 1 50 

Munby, A. E. Chemistry and Physics of Building Materials. (Westmin- 

fiter Series.) Svo, *2 do 

Murphy, J. G. Practical Mining t6mo, t 00 

Hurray, J. A. Soils and Manures. (Westminster Series.) Svo, *3 00 

Haquet, A. Legal Chemistry i2mo, 3 00 

Hasmith, J. The Student's Cotton Spinning Svo, 3*00 

Recent Cotton Mill Construction . 1 jmo, j'oo 

Heave, G. B., and Heilbron, I. M. Identiflcation of Organic Compounds. ^ |M 

Heilson, R. M. Aeroplane Patents Svo, 'a 00 

Heiz, F. Searchlights. Tians. by C. Hodgers Svo, '3 00 

Nesbit, A. F. Electricity and Magnetism. (Jn Prtparalion.) 

Heuberger, H., and Noalhat, H. Technology of Petroleum. Truu. by J. 
G. Mcintosh 
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Hawaii, J. W. Drawing, Sizing and Cutting Bsvel-gearB. 8vo, i 50 

Hicol, C. Sbip Construction and Calculatioas. 8vo, *4 50 

Kipher, P. E. Theory oC Magnetic MeaaurementB. tamo, i 00 

Nisbet, H. Grammar of Textile Design . . ,6to, *3 00 

Nolan, H. The Telescope. [Science Series No. 51.) t6mo, o 50 

Boll, A. How to Wire Buildings tamo, i 50 

north, H. B. Laboratory Notes of Experiments and General Chemistry. 

(In PrtM.) 

Nugent, E. Treatise on Optics iimo, i jo 

O'Connor, H. The Gas Engineer's Pocketbook .ismo, leather, 3 50 

— — ■ Petrol Air Gas. , .... iimo, *o 75 

Ohm, G. S., and Lockwood, T. D. Galvanic Circuit. Translated by 

William Francis. (Science Series Ho. tax.) i6mo, o so 

Olsen, J. C. Text-book o( Qua Q I itative Chemical Analysis ..8to, *4 00 

Olsion, A. Motor Control, in Turret Turning and Gun Elevating. (U. S. 

Navy Electrical Series, No. i.) , iimo, paper, *o 50 

Oudia, H. A. Standard Polyphase Apparatus and Systems Svo, *3 00 

Pakes, W. C. C, and Nankivell, A. T. The Science of Hygiene. .8to, *t 75 

Palaz, A. Industrial Photometry. Trans, by G. W. Patterson, Jr.. .Svo, '4 00 

Pamely, C. Cottiery Manager's Handbook .Svo, *ia 00 

Parr, G. D. A. Electrical Engineering Measuring Instruments. , . . .8vo, *3 50 

Parry, E. J. Chemistry of Essential Oils and Artificial Perfumes . . Svo, '5 00 

Foods and Drugs. Two Volumes. .8vo, 

Vol. I. Chemical and Microscopical Analysis of Foods and Drugs. *7 So 

Vol. n. Sale of Food and Drugs Act '3 00 

Parry, E. J., and Coste, J. H. Chemistry of Pigments 8vo, '4 50 

Parry, L. A. Risk and Dangers of Various Occupations , . . . , Svo, *3 00 

Parshall, H. F., and Mobarl, H. M. Armature Windings 4tD, '7 50 

■ Electric Railway Engineering 4to, 'lo 00 

Parshall, H. F., and Parry, E. Electrical Equipment of Tramways. . . , (In Prets,) 

Parsons, S. J. Malleabl? Cast Iron. ... Svo. *i So 

pBTtingtoD, J. R. Higher Mathematics for Chemical Students, .umo, *3 oo 

Passmore, A. C. Technical Terms Used in Architecture, , , Svo, '3 $a 

Paterson, G. W. L. Wiring Calculations lamo, 'a 00 

Patterson, D. The Color Printing of Carpet Yarns. 8vo, *3 50 

Color Matching on Textiles 8vo, *3 00 

The Science o( Color Mixing Svo, "3 00 

Paulding, C. P. Condensation of Steam in Covered and Bare Pipes. 

Transmission of Heat through Cold-storage Insulation i2mo, *i 00 

Payne, D. W. Iron Founders' Handbook (/n Pre**.) 

Peddle, R. A. Engineering and Metallurgical Books lamo, 

Peirce, B. System of Analytic Mechanics 4tD, 10 00 

Pendred, V. The Railway Locomotive. (Westminster Series.) .... Svo, *] 00 

Perkin, F. H. Practical Methods of Inorganic Cbemistry, ,..,.... lamo, *i 00 

Penigo, 0. E. Change Gear Devices Svo, i 00 

Perrjne, F. A. C. Conductors for Electrical Distribution .8vo, *3 50 

Perry, J. Applied Mechanics .%ti, ' 1 v> 

Petit 6. While Lead and Zinc White Pkiata *"">. "■»■ ^ 
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Petit, R. How lo Build an Aeroplane. Trans, by T. O'B. Hubbard, and 

J. H. Ledeboet 8vo, *i 50 

Pettit, Lieut. J. S. Graphic Processes. (Science Series No. 76.) . . . 16010, o 50 
Philbrick, P. H. Beams and Gilders. (Science Series Ho. 88.) , . . i6ino, 

Phillips, J. Engineering Chemistr; 8vo, % 50 

Gold Assaying Bto, •» 50 

Dangerous Goods 8»o, 3 50 

Phin, J. Seven Follies of Science i2mo, *i 15 

Pickworth, C. N. The Indicator Handbook. TwoVolnmn. .lamo, each, i 50 
Logarithms for Beginners iimo, boards, o 50 

- The Slide Rule iiaio, 1 00 

Plattner's Manual of Blow-pipe Analysia. Eighth Edition, reused. Trans. 

by H. B. Cornwall . ... 8vo, '4 00 

Plympton, G. W. The Aneroid Barometer. (Science Series No. 35.) i6ino, o 50 

How to become an Engineer. (Science Series Mo. 100,) -i6mo, o 50 

' Van Rostrand's Table Book. (Science Series No. 104.) .i6mo, o 50 

Pochet, M. L. Steam Injectors. Translated from the French. (Science 

Series No. 19,) t6mo, o 50 

Pocket Logarithms to Four Places. (Science Series So. 65.) i6mo, o so 

Potleyn, F. Dressings and Finishings for Textile Fabrics 8vo, *3 00 

Pope, F. L. Modern Ptacliee of the Electric Telegraph 8»o, 1 so 

Poppleweli, W. C. Elementary Treatise on Heat and Heat Engines . t jmo, *3 00 

-■ ■ Prevention of Smoke ... 8vo, '3 50 

Slrenglli of Materials Svo, *i 75 

Porter, J. R. Helicopter Flying Machine izmo, *i 35 

Potter, T. Concrete , 8vo, '3 00 

Potts, H. E. Chemistry of the Rubber Industry. [OutUnes of Indus- 
trial Chemistry) 8vo, 'a 00 

Practical Compounding of Oils, Tallow and Grease „ w. .. Svo, '3 50 

Practical Iron Founding i»mo, i S" 

Pratt, K. Boiler Draught iimo, *i 15 

Pray, T., Jr. Twenty Years with the Indicator 8to, 1 50 

- — - Steam Tables and Engine Constant , Svo, a 00 

Calorimeter Tables -8to, i do 

Preece, W. H. Electric Lamps. . (/n Prtss.) 

Prelini, C. Earth and Rock Excavation. , . .8ve, '3 00 

Graphical Determination of Earth Slopes .8vo, 'j 00 

Tunneling. New Edition Svo, "3 oo 

Dredging. A Practical Treatise Svo, '3 00 

Prescott, A. B. Organic Analysis . 8vo, 500 

Prescott, A. B., and Johnson, 0. C. Qualitative Chemical Analysis. . . Svo, *3 50 
Prescott, A. B., and Sullivan, E. C. First Book in Qualitative Chemistry. 

ijmo, *t 50 

Prldeaux, E. B. R. Problems in Physical Chemistry Svo, *3 cm 

Pritchard, O. G. The Manufacture of Electric-light Carbons. .Svo, paper, 'o 60 
Putlen, W. W. F. Application of Graphic Methods to the Design of 

Structures , iimo, *» 50 

- -^ Injectors: Theory, Construction and Working 

Pulsifer. W. H. Notes for a History of Lead Svo, 

Parebaae, W. R. Kasoniy iimo, 
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Hch, A. Gas and Coal-dust Firiog. 8vo, '300" 

Pynchon, T. R. Introduction to Chemical Physics 8»o, 3 00 

Rafter G. W. Mechanics of Ventilation. (Science Series Ho. 33-) - i6mo, o S" 
PoUble Water. (Science Series No. 103.) i6nic 50 

Treatment of Septic Sewage. (Science Series No. 118.).. . .i6mo 50 

Rafter, G. W., and Baker, M. R. Sewage Disposal in the United States, 

4to, '6 00 

Rallies, H. P. Sewage Disposal Works 8vo, '4 00 

Railway Shop t)p-to-Da(e 4to, 1 on 

Ramp, H. M. Foundry Practice (/n Prcft.) 

Randall, P. U. Quartz Operator's Handbook. 

Randau, P. Enamels and Enamelling 

Rankine, W. J. M. Applied Mechanics 

■ Civil Engineering Svo, 

Machinery and MJIlwork 

The Steam-engine and Other Prime Hovert.. 

~ Useful Rules and Tables Svo, 

Rankine, W. J. M., and Bamber, E. F. A Mechanical Terl-book. 
Raphael, F. C. Localization of Faults in Electric Light and Power Mains. 

8vc 

Rascfa, E. Electric Arc. Trans, by K. Tomberg {In Pres». 

Rathbone, R. L. B. Simple Jewellery . Svo, 

Rateau, A. Plow of Steam through KozaJea and Orifices. Trans, by H. 

B. Brydon Svo, 

Rausenberger, F. The Theory of the Recoil of Guns. 

Rkutenstrauch, W. Rotes on the Elements of Machine Design. Svo, boards, 

Rautenstiauch, W., and Williams, J. T. Machine Drafting and Empirical 

Part L Macliine Drafting. 

Part II, Empirical Design {/n Pivparati 

Raymond, E. B. Alternating Current Engineering I3 

Rayner, H. Silk Throwing and Waste Silk Spinning Svo, 

Recipes (or the Color, Paint, Varnish, Oil, Soap and Drysaltery Trades . Svo, 

Recipes for Flint Glass Making 

Redfern, J. B. Bells, Telephones (lastallatioD Manuals Series) i6mo, 

(In Press.) 

Redwood, B. Petroleum. (Science Secies Ho. gi.) i6mo, 

Reed's Engineers' Handbook 

Key to the Nineteenth Edition of Reed's Engineers' Handbook. .Svo, 

Useful Hints to Sea-going Engineers 111 

Bfarioe Boilers. lai 

Reinhardt, C. W. Lettering for Draftsmea, EnginHrs, and Students. 

oblong 4to, boards, 

The Tecbnic of Mechanical Drafting. oblong 4to, boards, 

Reiser, F. Hardening and Tempering of SteeL Trans, by A. Morris and 

H. Robson , 

Seiser, N. Faults in the Manufacture of Woolen Goods. Trans, by A. 

Morris and H. Robson Svo, 

Spinning and Weaving Calculations . . 

Ronwick, W. G. Marble and Marble Working , . .Sw, 
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Reynolds, 0., and ld«U, F. E. Triple Eipanuoo Bnginei. (SdciK 

Series So. 99.). T6ino, o so 

Shead, G. P. Simple Structural Woodwork. iimo, *i 00 

Rice, J. H., and Johnson, W. W. A New Method of ObUining the Difier- 

enlial o( Functions. ... ... iimo, 50 

Richuds, W. A. and Horth, H. B. Manual of Cement Testing. (In Pmt.) 

RichardBon, J, The Modern Steam Engine . Svo, '3 jo 

Richardson, S. S. Hag net ism and Electricity i2mo, *] 00 

Rideal, S. Glue and Glue Testing. 8vo, "4 00 

Rings, F. Concrete in Theory and Practice. iimo, •» 50 

Ripper, W. Course of Instruction In Machine Drawing folio, *6 00 

Roberts, F. C. Figure of the Eaitfa. (Science Series Ho. 79.) ifimo, o 50 

Roberts, J., Jr. Laboratory Work in Electrical Eagiaeeriog Svo, *i 00 

Robertson, L, S. Wafer-tube Boilers. . . . ,..,.,.. Svo, 3 00 

Robinson, J. B. Architectural Composition .8va, *J 50 

Robinson, S. W. Practical Treatise on the Teeth of Wheela. (Science 

Series Ho. 14.) i6mo, o 50 

— — Railroad Economics. {Science Series Mo. 59.) 161110, o so 

Wrought Iron Bridge Members. (Science Series Ho. 6o.) i6mo, o 50 

Robson, J. H. Machine Drawing and Sketching 8to, *i 50 

Roebliijg, J A. Long and Short Span Railway Bridges . . .folio, 35 00 

Rogers, A. A Laboratory Guide of Industrial Chemistry i2mo, *t 50 

Rogers, A., and Aubert, A. B. Industrial Chemistry. , 8vo, 's 00 

Rogers, F. Magnetism of Iron Vessels. (Science Series Ilo. 30.) . . i6mo, o so 

Rohland, P. Colloidal and Cyrstalloidal State of Matter. Trans, by ^ 

W. J. Britland and H. E. Potts lamo, 'i 25 

Rollins, W. Notes on X-Light 8to, •$ 00 

RoUinson, C. Alphabets Oblong, .lanio, (In Prett.) 

Rose, J. The Pattern-makers' Assistant. . . . 8vo, 3 50 

Key 10 Engines and Engine-running litao, a 50 

Rose, T. K. The Precious Metals. (Westminster Series.) 8vo, •» 00 

Rosenhain, W. Glass Hanufaclure. (Westminster Series.) ..Svo, *i 00 

Ross, W. A. Plowpipe in Chemistry and Metallurgy timo, •] 00 

Rossiler, J. T. Sleam Engines. (Westminster Series.). . . .Sto (In Preaa.j 

— ^ Pumps and Pumping Machinery, (Westminster Series.).. Svo (In Frt^.) 

Roth. Physical Chemistry 8to, *i 00 

Rouillion, L. The Economics of Manual Training Svo, a 00 

Rowan, F. J. Practical Physics of the Modern Steam-bsiler Svo, 7 50 

Rowan, F. J., and Idell, F. E. Boiler Incrustation and Corrosion. 

(Science Series Ho. 17.) 161110, 50 

Roxburgh, W. General Foundry Practice. Svo, *i 50 

Ruhmer, E. Wireless Telephony. Trans, by J. Erskine-Mturay . , Svo, *3 50 

Russell, A. Theory of Electric Cables and Betworks. . Svo, '3 00 

Sabine, R. History and Progress o( the Electric Telegraph i jmo, 1 is 

Saeltzer A. Treatise on Acoustics timo, i 00 

Salomons, D. Electric Light Installations. i2mo. 

VoL I. The Management of Acciunulaton a go 

Vol. II. Apparatus » a$ 

Vol. in. Applications. i 50 

Sanford, P. G. NilrO'eiplosives, , 
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S.unders. C. H. Hindbook of Ptactie*! Hectunics 


..i6mo 


I 00 




leather 






. . iirao 


3 00 


Sayen, H. H. Brakes for Tram Cars 


...8vo 


♦l 25 


Scheelo, C. W. Chemical Essays 


...8vo 


*2 00 




,,..8vo 


5 00 


Scherer, R. Casein. Trans, by C. Salter 


8vo 


•3 00 


SchJdrowitz, P. Rubber, Its ProductioQ and lodusthal Uses . . 


..8vo 




Sdmidler, K. Iron and Steel Construction Works. 






Scbmall, C. N. First Course in Analytic Geometry, Plane and Solid, 




iimo, half leather 


*i 75 


Schmall. C. H., and Shack, S. M. Elements of Plane Geometry . 


. iimo 


*' 2S 








Schumann,?. A Manual of Heating and Ventilation, , , umo 


leather 


1 so 


Schwarz, E. H. L. Causal Geology 


, 8to 


*3 50 


Schweiier, V., DistUlalion of Resins 


.,.8vo 




Scott, W.W. Qualitalive Analysis. A Laboratory Manual 


...8vo 


•l SO 




leather 


I 50 


Seaile, A. B. Modern Briekmaking 


.,.8vo 


•S 00 


Searle, G. H. " Sumners' Method." Condensed and Improved. 


(Science 




Series Ko, 124-). 


. . i6ino 


so 


Seaton, A. E. Manual of Marine Engineering 


. 8vo 


e 00 


Seaton, A. E., and Hounthwaite, H. H. Pocket-book of Marine Engineer- 




ing r6mo 


leather 


3 00 


Seeligmann, T., Torrilhon, G. L., and Falconnet, H. India Rubber and 




Guttapercha. Trans, by J. G. Mcintosh . ... 


. ,8vo, 


*5 00 


Seidell, A. Solubilities of Inorganic and Organic Substances 


8vo, 


•J 00 


Sellew, W. H. Steel Rails 4to (/ 


1 Press.: 




Senter, G. Outlines of Physical Chemistry 


..umo, 


*i 75 






•i 75 


Sever, G. F. Electric Engineering Experiments 8va 


, boards. 












Sewall. C. H. Wireless Telegraphy 


. , Sto, 


*i 00 








Sewell, T. Elements of Electrical Engioeerlns , 


. .8vo, 


•3 00 








Seiton, A. H. Fuel and Refraclory Materials 


. Iimo, 


•i so 








AUoya (Non-Ferrous). 


...8vo 


•3 00 


The Metallurgy of Iron and Steel . . , 


.- Bvo, 


•6 50 


Seymour, A. Practical Lithography. . 


. . Svo 


•2 so 


Modern Printing Inks 


.-8to, 


*j 00 


Shaw, Henry S. H. Mechanical Integrators. (Science Seriet Ro. 83.) 






l6mo 


50 


Shaw, P. E. Course of Practical Magnetism and Electricity . . , 


, 8vo 


■t 00 


Shaw, S. History of the Staffotdshire Potteries 


. ..8vo, 


•3 00 




. -8vo, 


•5 00 


Shaw, W. W. Forecasting Weather , 


. . .8™, 


'i 50 




. . lamo. 


•1 so 


(--Alternating Current Machines 




•a so 




■fafclt, R. W. 

awth,C.A.]L HanAookof TMti^IUnBULS.-- 
amilfc. C. A. H^ a^ Warrai^ A. G. ItarSMaTMii 

flaiitb,C.F. Pi»c6ie»l UtenmtiatCvntmtaatlftiDt 

— — Prsctitsl Tectinc o( Djatmat aat MaUn 

Snitk, F. E. Handbook trf Gosal la&tmc&ia i 

Emith. J. C. Ibiinfactiire of Rust ... . Svo, 

Smith. R. H. Prindple* ef MMliiM WoA ixna, 

Elemmls of M«f*wi^ Wofk mne. 

Smith, W. Chemjstrr o( Bat Mapntacngint .... iwdo^ 

Sncll, A. T. ElMtrk Modie Power Svo, 

Snow, W. G. Pocketbook of Steam Heati^ and TtntJaScB. <f* fras,) 
Snow, W. G., am] Holan, T. VeotilatMa of BHOdiap. (Stienc* Snin 

Ho. S-J itcao, 

Soddjr, F. RadioaclitritT. 8tw, 

Solomon, U. Electric LampA. (Wcstminatct Scrie*.) . S««. 

3<rth«n, J. W. The Hirine Sieam Turbine 8to, 

Sonlhcomhe, J. E. Paints, Oils and Vaniidws. (Oatlnwi of bdns- 

trial Cbemi«iT7.) Sro, {fn Pn*».) 

Soihlct, D. H. Dyeing and Staining Marble. Trana. hj A. ■otrit and 

H. Robson ...... .... Sro, 

Spang, H. W. A Practical Tteatite on Lightaing Protcctioa iimo, 

Spangenburg, L. Fatigue of Metals. Translated b; S. H. ShieTc. 

(Science Series Bo. 13.) idmo, 

Specht, G. J., Hardy, A. S., HcHasiei, ],B ., and Walling. Topographical 

Surveying. (Science Series No. 72.). i6mo, 

Speyera, C. L. Text-book of Physical Chemistry Svo, 

Stahl, A. W. Transmission of Power. 1 Science Series Ho. >8.). - -lemo, 

Slahl, A. W., and Woods, A. T. Elementary Mechanism ...iimo, 

Suley, C, and Pierson, G, S. The Separate System of Sewerage 8to, 

Standage, H. C. Leatberworkers' Manual Svo, 

Sealing Waiet, Wafers, and Other Adhesives 8*0, 

— — Agglulinanti of all Kinds for all Purposea. lamo, 

Stantble, J. H. Iron and Steel. (Westminster Seriea.) 8to, 



•3 00 

•3V 

■1 M 

•3 00 
•4 00 
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Steinnutii, D. B, Suspeosioo Bridges and CantlleTers. (Science Series 

No. 117} o 50 

Stevens, H. P. Paper Mill Chemist tSmo, *2 50 

SteTeosoD, J. L. Blast-Furnace Calculatloiu lamo, leather, 

Stewart, A. Modern Polyphase Hacbinery ijmc 

Stewart, G. Modern Steam Traps jame 

Stiles, A. Tables for Field Engineers iimc 

Stitlman, P. Steam-engine Indicator iimc 

StodoU, A. Steam Turbines. Trans, by L. C, Loeweutein 8vc 

Stone, H. The Timbers of Commerce 8tc 

Stone, Gen. R. New Roads and Road Laws. iimc 

Stopes, H. Ancient Plants 8vt 

The Study of Plant Life 8vc 

Stuinpf, Prof. Una-Flow of Steam Engine (/n Prase. 

Su d borough, J. J., and James, T. C. Practical Organic ChomiBtry, .iimc 

SuSing, E. R. Treatise on the Art of Glass Painting Svo, 

Swan, K. Patents, Designs and Trade Harks. (Westminster Series.),8vo, 

Sweet, S. H. Special Report on Coal 

Swinburne, J., Wordingham, C. H., and Martin, T. C. Eletcric Currents. 

(Science Series No, loij.i i6mo, 

Swoope, C. W. Practical Lessons in Electricity . . . i 

Tailfer, L. Bleaching Linen and Cotton Yam and Fabrics 

Tate, J. S. Surcharged and Different Forms of Retaining-walls. (Science 

Series Ho. 7.I i6mo, 

Taylor, E.N. SmaU Water SuppUea 1 

Templeton, W. Practical Hecbanic's Workshop Companion. 



Terry, H. L. India Rubber and its Manufacture. (Westminster Series.) 

8vo, 
Thayer, H. R. Structural Design. 8»o. 

Vol. I. Elements of Stnictm-al DeBign 

Vol. n. Design of Simple Structures (In Preparation.) 

Vol. in. Design of Advanced Structures (In Preparation.) 

Thiesa, J. B. and Joy, G, A. Toll Telephone Practice 8vc 

Thorn, C, and Jones, W. U. Telegraphic Connections. oblong i2mc 

Thomas, C. W, Paper-makers' Handbook (In Press. 

Thompson, A. B. Oil Fields of Russia 4tc 

Petroleum Mining and Oil Field Development Svo, 

Thompson, E. P. How to Hake Inventions . 8vc 

Thompson, S. P. Dynamo Electric Machines. (Science Series Ho. 75.) 

Thompson, W. P. Handbook of Patent Law of All Countries i6mo, 

ThomsoD, G. S. Milk and Cream Testing. 

Modem Sanitary Engineering, House Drainage, etc. 8to, (In Preia.) 

Thomley, T. Cotton Combing Machines. . , . .... , . Svo, 

— Cotton Spinning. Svo. 

First Year 

Second Year 

Third Year 

Thnrio, J. W. Modem Turbine Practice Svo, 



t 

L Thnrio 



lIOO^^H 
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Tidy, C, HflTTHott. Treatmeat of Sewage. (Science Series Ro. ^^ 

161110, 50 

Tinney, W. H. Gold-mining Mactuneiy 8vo, '3 00 

Titberley, A. W. Laboratory Course of Orguiic Chemistry Svo, *i oo 

Tocb, M. Chemistry and Technology ol Mixed Paints , , 8vo, *3 00 

Materials for Permanent Painting iimo, "j 00 

Todd, J., and Whall, W. B. Practical Seamanship Svo, *7 50 

Tonge, J. Coal. {WestminBtet Series.) . , 8to, "i 00 

Townsend, F. Alternating Current Engineering. 8to, boaida •« 75 

Townsend, J. Ionization of Gases by Collision 8vo, *i 15 

Transactions of the Amerkan Institute of Chemical Engineers. Svo. 

Vol. 1. 1908 '600 

VoL 11. igog . "e 00 

Vol. m. igio "6 00 

Vol. rv. 1911 "6 00 

Traverse Tables. (Science Series No. 115.) i6mo, o 50 



Trinks, W., and Housum, C. Shaft Governors. (Science Series No. iia.) 

i6mo, o so 

Trowbridge, W. P. Turbine Wheels. (Science Series Bo. 44.) i6mo, o 50 

Tucker, J. H. A Manual of Sugar Analysis. Svo, 3 50 

Tumlirj:, 0. Potential. Trans, by D. Robertson . iimo, 1 15 

Tuauer, P. A. Treatise on Roll-turning. Trans, by J. B. Peorse. 

Svo, text and folio atlas, 10 oo 

Turbayne, A. A. Alphabets and Numerals 4to, a oO 

Turnbull, Jr., J., and Robinson, S. W. A Treatise on the Compound 

Steam-engine, (Science Scries No. 6.) i6mo, 

Turrill, S. H. Elementary Course in Perspective. lamo, *i 19 

Underbill, C. R. Solenoids, Electromagnets and Electromagnetic Wind- 
ings , lamo, *z oo 

Dniversal Telegraph Cipher Code lamo, I 00 

Orquhart, J. W. Electric Light Fitting iimo, a oe 

Electro-plating , . , lamo, a oo 

Electrotyping .....lamo, 3 M 

Electric Ship Lighting lamo, 3 00 

Vacher, F. Food Inspector's Handbook lamo, *] 50 

Van Nostrand's Chemical Annual. Second issue 190Q. ... . . lanio, *a 50 

Year Book of Mechanical Engineering Data. First issue ipii . . . (In Prett.) 

Van Wagenen, T. F. Manual of Hydraulic Mining t6mo, i do 

Vega, Baron Von. Logarithmic Tables Svo, half morocco, j oo 

Villon, A. H, Practical Treatise on the Leather Industry. Trans, by F. 

T. Addyman . Svo, *» o« 

Vincent, C. Ammonia and its Compounds. Trans, by M. J. Salter .Bvo, *a (M 

Volb, C. Haulage and Winding Appliances Svo, *4 00 

Von Georgievics, G. Chemical Technology of Textile Fibres. Trans, by 

C. Salter Bvo, '4 50 

Chemistry of Dyes luffs. Trans, by C. Salter .8vo, '4 50 

Vose, G. L. Graphic Method for Solving Certain Questions in Arithmetic 

and Algebra. (Science Series No. 16.) i6mo, o 50 



I 
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Waboer, R. Ventilation in Mines. Trans. \>y C. Salter 

Wade, E, J. Secondary Batteries . , . , 

Wadmore, T. M. Elementary Chemical Theory.. i 

Wadsworth, C. Primary Battery Ignition 131110 (/n Frets.) 

Wagner, Z. Preserving Fruits, Vegetables, aod Heal .1 

Waldtam, P. J. Prlnciptes o( Structural Mechanics (In fVew.) 

Wallter, F. Aerial Navigation 8vo, 

Dynamo Building. [Science Series No. 58.) i6mo, 

Electric Lighting for Marine Engineers 

Walker, S. F. Steam Boilers, Engines and Turbines 8vo, 

Refrigeration, Heating and Ventilation on Shipboard 1 

Electricity in Mining 

Walker, W. H. Screw Propulsion 

Wallis-Tayler, A. J, Bearings and Lubrication 8vo, 

Aerial or Wire Ropeways 

Modern Cycles 8¥0, 

Motor Cars , 

Motor Vehicles for BusJness Purposes Bvo, 

Pocket Book of Refrigeration and Ice Ms king ] 

Refrigeratioa, Cold Storage and Ic«-MakiiiK 8vo, 

Sugar Machinery 

Wanklyn, J. A. Water Analysis 

Wansbrough, W. D. The A B C of the Differential Calculus 1 

— Slide Valves 

Ward, J. H, Steam for the Million , 8vo, 

Waring, Jr., G. E. Sanitary Condition*. (Science Series No. 31.)- . i6mo, 

Sewerage and Land Drainage 

Waring, Jr., G. E. Modern Methods ol Sewage Disposal 

How to Drain a House . . . . 

Warren, F. D. Handbook on Reinforced Concrete 

Watldns, A. Photography. (Weatminster Series.) 8to, 

Watson, E. P. Small Eoginas and Boilers 

Watt, A. Electro- plating and Electro-refining ol Hetals 

Electro-metallurgy , 

The Art of Soap-making 8vo, 

Leather Manufacture 8yo, 

^■^ Paper-Making 8vo, 

Wealc, J. Dictionary of Terms Used in Architecture 

Weale's Scientific and Technical Series. (Complete list sent on appllca- 

Weather and Weather Instruments 

paper. 
Webb, H. L. Guide to the Testing of Insulated Wires and Cables. . 

, Webber, W. H. Y. Town Gas. (Westminster Series.) . 

Welsbach, J. A Manual of Theoretical Mechanics 8vo, 

f Weisbach, J., and Herrmann, G. Mechanics of Air Machinery . 

I Welch, W. Correct Lettering (In Pntt.) 

Weston, E. B. Loss ol Head Due to Friction of Water in Pipes ... 

Weymouth, F. M. Drum Armatures and Commutators 

Wheatley, O. Ornamental Cement Work VJivV-t««*>i 



i 





Wheeler, J. B. Art of War 


rarno, 
wmo. 


> 7S 

1 75 


Field Fortifications 


Whipple. S. An Elementary and Practical Treatise on Bridge BuUding. 






8vo, 


3 oe 


Whithard, P. Illuminating and Missal Painting 


iimo. 


I so 


Wikoi, R. M. Caniilevet Bridges. (Science Series Ho. 15.) 


i6mo. 


so 


Wilkinson, H. D. Subinaiine Cable Laying and Repairing 


8vo, 


'600 




, , . (/n 


iTeu.) 




Preu.) 






4to, 


IS 00 


Practical Tables in Meteorology and Hypsomelery 


- 4", 


' SO 


Wiilson, F. H. Theoretical and Practical Graphics 


4to. 


•4 00 




. 8vo, 


•3 00 


WincheU, ». H,, and A. N. Elementa of Optical HinersJogy 


..8»o, 


•3 SO 


Winkler, C, and Lunge, G. Handbook of Technical Gas-Analysis 


. 8vo, 


4 00 




r6mo. 


SO 


Wisser. Lieut. J. P. Explosive Materials. (Science Series Ho 


70.)- 






i6mo. 


50 


Wisser, Lieut. J. P. Modern Gun Cotton. {Science Series Mo. 89.)i6mo, 


so 


Wood, De V. LuminiferouB Aether. (Science Series No. 85.) - . ■ 


1 6 mo. 


so 




Arch. 




8vo, half m 


orocco. 


4 0« 1 


Worden, E. C. The Nitrocellulose Industry. Two Volumes 


8vo, 




- — CeUulose AceUte 8to, {In 


Press,) 




Wright, A. C, Analysis of Oils and Allied Substances 


8vo, 


'3 50 


Simple Method for Testing Painters' Materials 


..8vo. 


'i SO 


Wright, F. W. Design of Condensing Plant 


rjmo. 


•i 50 


Wright, H. E. Handy Book for Brewers. . . , 


8vo. 


'5 00 


Wright, J. Testing, Fault Finding, etc., for Wiremeii. (Installatiait 




Manuals Series.) 


161110, 


•0 SO 


Wright, T. W. Elements of Mechanics 


8vo, 


•3 so 


Wright, T. W., and Hayford, J. F. Adjuslment of Observations. 


.8«., 


•3 00 


Young, J. E. Electrical Testing for Telegraph Engineers 


..8vo. 


•400 


Zahner, R. Transmission of Power. {Science Series So. 40.) . . . 


i6iua, 




Zeidler, J., and Lustgarten, J. Electric Arc Lamps 


. Svo, 


*i 00 


Zeuner, A. Technical Thermodynamics. Trans, by J. F. Klein. 


Two 




Volumes 


, Bvo, 


•800 
*io 00 




. 4to. 


Zipser,J. Textile Raw Materials. Trans, by C. Salter 


. .8vo. 


•s 00 


Zi;t Heddea, F. Engineering Workshop Machines and Processes. 


Trail*. 




by J. A, Davenport 


..8to 


•a 00 




1 


1 



